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1. Development and Field Engineering. 
American Bosch engineering departments 
and laboratories work constantly to im- 
prove existing products, develop new ones 
such as the revolutionary single plunger 
multi-cylinder PSB Pump. Our field engi- 
neers work hand in hand with engine and 
equipment manufacturers — from original 
design to test models and actual field 
operation. 

2. Precision Manufacture. 

The knowledge and craftsmanship that 
made solid fuel injection a reality .. . plus 
engineering research, proven techniques, 
unparalleled production and testing facili- 
ties (many of them initiated and developed 
here) ... insure uniform adherence to the 
highest standards of accuracy and perform- 
ance. 


3. Service Organization. 

In many US. cities and at strategic points 
throughout the world, American Bosch 
maintains an ever-growing network of 
authorized service stations. Staffed by per- 
sonnel trained to factory standards, with 
factory-designed and built testing equip- 
ment, they are prepared to render efficient 
and reliable service whenever needed. 





In 1929, people lined the waterfront to see 16 tugs 
dock the Aquitania. Today much larger ships are 
easily berthed by five Diesel-powered tugs. 






Dependable Fuel Injection 


Many things — and many men — have contributed to the 
progress of Diesel power. But one vital element necessary 
to make this efficient, economical source of power univer- 
sally applicable was dependable solid fuel injection. 

American Bosch was a pioneer and still is a leader, in 
this field . . . a position established and maintained by 
American Bosch development and field engineering, pre- 
cision manufacture and its ever-expanding network of 
service agencies. 

You can depend on premium performance when the 
fuel injection system bears the name American Bosch. 


American Bosch 


Dependable Fuel Injection for the Diesel Industry 
AMERICAN BOSCH CORPORATION, SPRINGFIELD 7, MASS. 


Magnetos - Generators + Voltage Regulators - ignition Coils + Electric Windshield Wipers - Diesel Fuel injection Equipment 
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Grinding wheel distributors in 
over 300 cities of the world; 
warehouses in five cities of the 
United States; branch grinding 
wheel plants in six 
foreign countries. 





YOUNG PETE ERICKSON, shown at the left with 
his father, Norton worker Earl Erickson, asked 
what makes paper...and really got the answers! 
Earl, incideueall ¥, has been with Norton more 
than 16 years, as have more than one third of his 
fellow workers. 


‘WHERE ARE ALL THOSE CIRCLES GOING, DAD? 


“Down Lake Superior, son. Those logs were trees in Canada. Now 
they’re on their way to become paper. And my work helps right from the 
start ... when trees are cut with axes and saws sharpened by Norton 
products.” 





“DAILY NEWSPAPERS are printed on 
huge presses like this whose working 
parts are ground and finished by Norton 


“THE GIANT GRINDING WHEEL these 
men are installing is a Norton pulp- 
stone. Grinding is one method of con- 





verting wood to paper — changing the 
logs into long, tough fibres that give 
strength to many types of paper. 


grinding wheels. Norton wheels also 
sharpen paper knives, cutter knives, 
slitters, etc., used in the paper industry, 


“KNOW SOMETHING ELSE? Norton gives to many other industries the same 
kind of vital aid -it gives to the paper industry. You see, Norton is the 
world’s largest manufacturer of abrasives.” 
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CERAMIC SURFACE PLATES & BORON CARBIDE PRODUCTS _. 


REFRACTORIES 


NORTON COMPANY, WORCESTER 6, MASSACHUSETTS 


BEHR-MANNING, TROY, N.Y. 1S A DIVISION OF NORTON COMPANY . 
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FIRST NEW DEVELOPMENT 


IN SINGLE DECK ROOFS 


IN 20 YEARS 








(GRAER 


CENTER-WEIGHTED 
FLOATING ROOF 
TANKS 


Patented design combines the stabil- 
ity and the vapor-saving, corrosion- 
resistant features of the double-deck 
floating roof with the more econom- 
ical aspects of the conventional 
pan-type roof. 


NEW FEATURES ror 


IMPROVED PETROLEUM STORAGE 


®@ Non-tilting, non-sinking; center of 
gravity below center of buoyancy. 





@ Fully effective single seal—no 
springs; nothing to get out of order. 


@ No air pockets under deck; full rim 
immersion—roof floats directly on 
product—no space for vapors to form. 


® Requires Jess stee/ to build. 


® Positive drainage at center due to 
increasing slope. 

@ Clear deck permits full accessi- 
bility, easy snow removal. 


®@ Proved construction—tested in 
actual installations. 


Send for New Book on Graver 
Center-Weighted Floating Roofs. 





PAN-TYPE Center-Weighted Floating Roof... for 
southern climates where rain is the only weather problem. 


PONTOON Center-Weighted Floating Roof... for 


northern climates involving snow, ice and rain. 


FABRICATED PLATE DIVISION 
GRAVER TANK & MFG.CO.ING. } 


EAST CHICAGO, INDIANA 
NEW YORK + PHILADELPHIA + CHICAGO 
DETROIT + CINCINNATI 
CATASAUQUA, PA. + HOUSTON + SAND SPRINGS, OKtA, 
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IT’S THE MAGIC OF THE FLAME.... 


MS It’s the magic of the flame that creates carbon black, the 


mysterious black ingredient which adds wearability, durability, 
stretch and bounce to rubber . . . . new life to inks, paints, 
varnishes, lacquers and plastics. 


§ Cabot began probing the secrets of the flame in 1882 and 
since that time has never ceased expanding its research ac- 
tivities. By learning to control the flame and direct its burning, 
Cabot was able at an early stage to produce gradations of the 
elementary carbon black material. 


h) Following long years of careful study and experimentation, 
Cabot now produces more than forty different grades of carbon 
black, each carefully developed and processed to fill a specific 
industrial need, and each measuring up to the same high 
standards of uniform high quality. 


d Thousands of Cabot flames burn night and day to provide 
the basic carbon material from which Cabot blacks are made. 
Cabot control and processing convert this raw material into 
the greatest variety of high quality carbon blacks available to 
modern industry. 














GODFREY L. CABOT, INC. 


77 FRANKLIN STREET, BOSTON 10, s! 





Hevi Duty High Tem- 
perature Combustion 
Tube Furnace 
One or two tubes—for op- 
erations to 2300° F. (1260° 
C)—used for carbon and 
standard combustions—an- 
alysis—checking and cali- 
brations which require 


temperatures from 1100° to 
2300° F. (1260° C.) 


Multiple Unit Organic 
Combustion Furnace 
Sections four, eight and twelve inches 
long—each with separate. rheostat con- 
trol—operations up to 1832° F. (1000° C) 
—an outstanding achievement for ac- 

curacy and ease in operation. 





Hevi Duty Five Tube 
Combustion Furnace 
For continuous service 
at high temperatures— 
to 2000° F: (1093°C.)— 
not generally used for 
intermittent work, 


Multiple Unit Solid 
Combustion Tube 
Furnace 
10 standard sizes—for car- 
bon determinations and 
special heat treating oper- 
ations up to a - 

(1065° C.) 


The Standard tn Wost Laboratories 
DUTY ELECTRIC COMPAN Y 


MARK — 


‘HEVI 


TRADE 


Sil B SUES 
HEVI DUTY 


COMBUSTION 
TUBE FURNACES 


Multiple Unit Hinged 
Combustion Tube 
Furnace 
10 standard sizes—for car- 
bon determinations. Special 
organic analysis and special 
applications up to 1950° F. 

(1065° C.) 





Hevi Duty Solid Combus- 
tion Tube Furnace 

standard sizes—for carbon 
determination work and other 
combustion tube furnace op- 
erations but constructed for 
continuous use at higher tem- 
peratures to 2000° F.(1093°C.) 


Zs 


ELECTRIC EXCLUSIVELY 


LABORATORY FURNACES MULTIPLE UNIT 


REG. U. S. PAT. OFF. 


MILWAUKEE 1, WISCONSIN 
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All-weather testing will 


PROVE YOUR PRODUCT 


Assure maximum value from each research dollar invested and 
from every hour of human effort expended in your development 
or manufacturing program by relying on Northern-Zaleski test 
chambers for complete, accurate test data—the soundest foun- 
dation on which to base your operation. 


Northern-Zaleski atmospheric test chambers (with fully auto- 
matic cycling and recording systems, if desired) are your assur- ; 

ance of complete dependability and highest precision in makes the 
meeting all test requirements. Temperature ranges of —150°F. di Fe ren 

to +200°F., humidity ranges of 10% to 98%, and simulated 

altitude ranges of 0 to 100,000 feet are available in standard 

chambers of from 3 to 800 cubic feet. Field construction to 

25,000 cubic feet. 


a 


® Laboratory facilities fo run JAN spec tests 
© Research and development services available 


© Test chamber repair-rebuilding-maintenance 





PRESSURE 
| | 1 Dr. A. E. Surosky, 1941, Vice President 


Z\_| Nonthern- yale Limited 


PRATT OVAL, GLEN COVE, LONG ISLAND, N. Y. 
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in construction 


these men are at home ‘round the world 


The Lummus construction superintendent and field engineer 
averages a twelve-year record of refinery building, literally— 
“everywhere under the sun.” In addition, he has seen service 
at chemical plants and other heavy construction both in this 
country and abroad. 


In a period of rapid progress, he has contributed to new 
techniques: the pre-assembly of pipe and equipment before 
erection, the raising of heavy vessels to greater heights and 
the providing of means to facilitate future maintenance and 
“turn around.” Refinements in the scheduling of the erecting 
sequence are an outgrowth of his experience. 


Behind Lummus’ “ahead of time” deliveries stands the 
Construction Man. Because he has learned to anticipate the 
problems of remote location, emergencies seldom arise. But 
the records show that his decisions, made on-the-spot to meet 
the unexpected, reveal sound judgement and a steady hand. 
The low labor turnover, reflecting the high morale of his crews, 
both American and native, is evidence of his human as well 
as his technical understanding. 


During the war he constructed, in record-breaking time, 
ordnance plants, high octane gasoline plants and plants that 
produced the raw materials for synthetic rubber. Today, the 
Lummus Construction Man is combining time savings with dol- 
lar savings in new projects throughout the world. 


THE LUMMUS COMPANY 
385 Madison Avenue, New York 17, N. Y. 


LUMMUS 


. 
CHICAGO — 600 South Michigan Avenue, Chicago 5, Ill. 
HOUSTON — Mellie Esperson Bidg., Houston 2, Texas 
The Lummus Company, Ltd., 525 Oxford St., London, W-1, England 
Société Francaise des Techniq Lummus 
Rue Cambon, Paris ler, France 
fia Anénima V i Lummus— Edificio “Las Gradillas” 
Esquina Las Gradillas, Caracas, Venezuela 


























SIZE IS NOT 
IMPORTANT 


The Roaring River Hydroelectric Develop- 
ment designed and constructed for Jamaica 
Public Service Company Ltd., Jamaica, B.W.I. 
Water is diverted from springs at the 
source of Roaring River through a pipe 


line to a single unit turbogenerator plant PS . ° ‘ » 
<i Our work includes engineering 


where it is converted into 4,500 kva of | .; 
electric power. ay 


a x . . 
; a and construction for varying projects, 
large and small. Each receives the same 
technical skill and attention. Our broad 


experience is available to all branches 


of industry. 
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This Service Building for Alexandria and 
Arlington Area, designed and constructed for 
Virginia Electric and Power Company, houses 
ofices for outside departments and general 
storerooms. 




















Manufacturing Building at Watertown, Massa- 
chusetts designed and constructed for The 
Prudential Insurance Company for occupancy 
by Manning, Maxwell & Moore, Inc. The total 
floor area is 136,000 sq. ft. 


STONE & WEBSTER ENGINEERING CORPORATION 


A SUBSIDIARY OF STONE & WEBSTER, INC. 


7 


NOVEMBER, 1950 











Wtel Elis 


sel aetil-Mit-Liteli lire. 
of all materials 


ENGINEERED 
AND BUILT 


BY 








suse ASHWORTH BROS., INC. 
CATALOG 47T METAL PRODUCTS DIV. e WORCESTER, MASS, 


. :. Buffalo ¢ Chattanooga * Chicago * Cleveland * Detroit 
Sales Engineers located in, <, Angeles * New York © Philadelphia * Pittsburgh ° Seattle 


Canadian Rep., PECKOVER'S LTD. - Toronto . Montreal . Halifax - Winnipeg - Vancouver 





IS READY... 


Qualified for precision produc- 
tion by experience on highest 
quality work—Diefendorf is 
ready for whatever gear pro- 
duction it may be called upon 
to handle. 

Specification work in all ma- 
terials and gear types. 








DIEFENDORF GEAR 
CORPORATION 
920 Belden Avenue 





Syracuse 1, New York 


DIEFEND:O:RF 


GS £2 A R S 











THE TABULAR VIEW | 








Be Prepared. — For those who failed to learn the 
lessons of modern history from Hitler, Mussolini, and 
Hirohito the events of June 25 in Korea should pro- 
vide more than ample evidence that unprovoked acts 
of hostility occur only when the aggressor feels his 
relative strength is such as to assure success. There 
seems to be a high degree of probability that war in 
Korea — or in Indo-China — might have been pre- 
vented had the Western democracies been adequatel 
prepared to “speak softly and carry a oe stick.” In 
his article “Universal Military Training” (page 17) 
Karu T. Compton makes it abundantly clear that, in 
a world where force has not yet always bowed to 
reason “the practical choice facing the country is, 
therefore, that between a policy of unpreparedness or 
a policy of preparedness.” The message which the 
chairman of the M.I.T. Corporation brings to readers 
of The Review is not merely that of a public-spirited 
citizen, outstanding educational administrator and 
first-class scientist, it is also the result of a serious 
study on the problem of national preparedness which 
Dr. Compton undertook several years ago as a mem- 
ber of President Truman’s Advisory Commission on 
Universal Training. 


Men with a Mission. — In welcoming to M.LT. this 
fall the 792 incoming students who make up the new 
Freshman Class, JAMES R. KILLtan, Jr., ’26, President, 
performed a pleasant task in a genial manner. Recog- 
nizing the apprehension which exists throughout the 
world, President Killian in his address “Men with a 
Mission” (page 20) took opportunity to discuss with 
the newcomers to M.LT., the Institute’s dual responsi- 
bility in carrying out a vigorous educational program 
while simultaneously increasing its responsibility to 
the nation. Today’s students of science and engineer- 
ing will do their work in a world suffering the birth 
pains of internationalism. Yet, because they have the 
benefits and opportunities of superior training, such 
groups have a special obligation to society. Today’s 
freshmen come to the Institute with a Faculty and 
staff, and with physical equipment, unsurpassed at 
any previous time. Their opportunity for a broadened 
education, polarized around science and engineering, 
is greater than at any time in the Institute's history. 
Thus it is that the Class of 1954 may well be called 
“Men with a Mission.” 


Look to Our Common Senses. — Some months 
back, The Review’s consistent contributor and able 
editorial associate, FREpERIC W. Norpstexk, 31 under- 
took a summary examination of our present state of 
knowledge of the human senses. The result of his 
labor is a two-part article “All Experience Is of 
Change” of which the first portion, dealing primarily 
with the visual and auditory senses, appears on page 
22 of this issue. The concluding installment will ap- 
pear in the December issue. Mr. Nordsiek’s sprightly 
delvings into the mechanics by which man communi- 
cates with his environment provides stimulating read- 


(Concluded on page 10) 
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“Improving” any machine really means 
increasing its productive capacity. That 
means tinkering with speeds and weights 
and strength—ending up with alloy steels. 

Which alloy steel?—the one that meets 
physical requirements at the lowest cost. 
Molybdenum steels fill that bill. Good 
hardenability, plus freedom from temper 
brittleness, plus reasonable price enable 
them to do it. 


Send for our comprehensive 400-page 
book, free; “MOLYBDENUM: STEELS, 
IRONS, ALLOYS.” 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS 


Climax Molybdenum Company 


500 Fifth Avenue - New York City 


NOVEMBER, 1950 9 


Thinking 
of 


improving 





ets “US am eRe 




















AND RIGHT AT HAND 


BOST-BRONZ | 
ALL-PURPOSE 
BEARINGS 











with Oil Film Always Present All Over 





WHY THEY’RE JUST THE BEAR- 
INGS YOU’RE LOOKING FOR 


Use BOST-BRONZ Bearings 
wherever shafts turn. They are 
porous to carry their own lubri- 
cation, interchangeable with 
solid bronze bearings but better. 
The oil reservoir in the bearing 
itself actually increases load car- 
rying capacity. Shaft always rests 
on an oil cushion even when at 
rest. No oil holes or grooves. No 
oil drip or waste. Closer fitting 
to shaft. Precision sized. Quieter, 
smoother operation and longer 


life. 
BOSTON,..: 


WHY THEY’RE 
RIGHT AT HAND 


BOST-BRONZ Bearings are 
stocked in all standard sizes at 
your local Boston Gear distrib- 
utor’s — 85 complete stocks in 
North America. FOR QUICK 
INFORMATION on_ BOST- 
BRONZ Bearings and Bar Stock 
sizes, prices, tolerances, load rat- 
ings, etc., consult the new Bos- 
ton Gear Catalog No. 55. Copy of 
this valuable reference book an 
the name and address of your 
nearest stock source is yours on 
request. 


stocks are Vests 





BOSTON GEAR WORKS 


72 HAYWARD ST., 


QUINCY 71, MASS. 








[_] Aircraft Control 
[_] Electrometer and GM 


[_] Hearing Aid 
[_] Long Life industrial 


[_] Germanium Diodes and Triodes [_ | Ruggedized 


[_] Guided Missile 


[_] Special Purpose 











THE TABULAR VIEW 
(Concluded from page 8) 





ing. When not engaged in outdoor activities over the 
countryside or writing for The Review, Mr. Nordsiek 
spends his time as assistant to the director in the Re- 
search Service Department of Standard Brands, Ine, 
in his native New York. 


With Contemplation for All. — The philosophical 
discussion “Contemplation; Its Status in our Society” 
(page 26) is the second article which The Review is 
happy to present from the typewriter of JULIAN A, 
Jorre, ’24. Holding to the thesis that Western civili- 
zation and particularly society in the United States 
has little to lose, for example, by substituting “a bit of 
cogitatin’” for such predigested diversion as house- 
hold electronic instruments can bleat forth, Mr. Joffe 
masses an array of authority in support of his views. 
A graduate of the College of the City of New York 
and of M.LT., Mr. Joffe has engaged in mechanical 
engineering and holds a professional engineer's li- 
cense. He is partner in a business of his own in New 
York, active in civic affairs in Mount Vernon, and has 
found time for graduate work at the New School of 
Social Sciences. 


To Broaden Our Education. — Three years ago, 
when M.I.T. was re-examining the role it would be 
called upon to play in the postwar era, the Institute’s 
Faculty appointed a Committee on Educational Sur- 
vey to review the state of education at M.I.T. Under 
the able chairmanship of Warren K. Lewis, ’05, then 
Professor of Chemical Engineering and now Professor 
Emeritus, the committee was composed of Professors 
John R. Loofbourow, Ronald H. Robnett, C. Richard 
Soderberg, ’20, and Julius A. Stratton, ’23. This com- 
mittee was assisted in its work by a Committee on 
Staff Environment and a Committee on General Edu- 
cation. The committee’s report to the Faculty has now 
been made public. A summary of this report, is con- 
tained in the article “M.I.T. Educational Survey” 
which appears on page 30 of this issue. 





Continental Can Co. 
Francisco & Jacobus, Engineers “ 








[_] Subminiatures of all kinds 


Our method of obtaining speed and economy in build- 
ing construction is based on “know-how” and careful 
planning. It has been proved on over 800 contracts— 
tested under all sorts of conditions for the past 33 years. 

If you are planning to build, let us show you examples 
of similar industrial buildings erected by us for Amer- 
ica’s leading industrial companies. 


W. J. BARNEY CORPORATION 
RAYTHEON MANUFACTURING COMPANY 7 FOUNDED 1917 


PARK AVENUE, NEW YORK 
INDUSTRIAL CONSTRUCTION 
Alfred T. Glassett, '20, Vice President 


Raytheon has designed and produced millions of 
such tubes — has the specialized technical skill and 
resources to meet your needs. Over half a million 
Raytheon Subminiatures are carried in stock. Over 
300 Raytheon Spegial Purpose Tube Distributors are 
ready to serve you. eee engineering service 
at Newton, Chicago and Los Angeles. 


RAYTHEON 


Special Tube Section 


Newton, Massachusetts 





55 Chapel St. 
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Bright New World 


chemicals are the ingredients of the “unfinished” plastics 


FROM MORNING TILL NIGHT, the colors of the rainbow are 
all around you—through plastics. A blue plastic clock wakes 
you, and you flip on an ivory plastic light switch. You take 
your clothes from a yellow plastic hanger. Plastic tooth- 
brushes come in colors for every member of the family. 
Cheerful decorating schemes are enhanced by the beauty 
of plastic drapes. There’s no limit to the colors you can get 
in these versatile materials! 

But this is only the start of the plastic story. Plastics 
help make better clothing. Modern furniture and furnish- 
ings owe much to plastics. Much of your food is packaged 
in clean, clear plastics. Plastics add safety, durability, and 
appearance to many of your electrical appliances. 

These versatile basic materials are man-made. Organic 





Trade-marked Products of Divisions and Units include 


—called resins. From these resins come the many different 
forms of plastics we know. 

The people of Union Carbide are leaders in the produc- 
tion of plastics, resins, and related chemicals. They also 
provide hundreds of other materials for the use of science 


and industry. 


FREE: /f you would like to know more about many 
of the things vou use every day, send for the illustrated 
booklet ** Products and Processes.” It tells how science 
and industry use UCC’s Alloys, Chemicals, Carbons, 
Gases, and Plastics. Write for free booklet C. 


Union CARBIDE 


AND CARBON CORPORATION 


30 EAST 42ND STREET UCC} NEW YORK 17, N. ¥. 








BAKELITE, KRENE, and VINYLITE Plastics « LINDE Oxygen «+ PResT-O-Lire Acetylene « PYROFAX Gas 


NATIONAL Carbons + EVEREADY Flashlights and Batteries 


ACHESON Electrodes » PRESTONE and TREK Anti-Freezes 


ELECTROMET Alloys and Metals »« HAYNES STELLITE Alloys « SYNTHETIC ORGANIC CHEMICALS 
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WHICH KIND OF PROTECTION 
DO YOU NEED MOST? 


Against Blowouts Here? > Or Against Flats Here? 2 








IF YOU DRIVE MOSTLY ON THE HIGHWAYS at usual highway 
speeds, you're always faced with the possibility of a blow- 
out—that sudden loss of air that can mean sudden death for 
you and your family. You see, no tire or tube is blowout- 
proof. But there is a way to avoid blowout accidents. Equip 
your car with LifeGuard Safety Tubes by Goodyear. They 
make a blowout Aarmiess! 


How LifeGuard Safety Tubes can save your life! 











2. Reserve air in cord fab- 
ric inner chamber supports 
car long enough for a safe, 
smooth stop. 


1. LifeGuards have two air 
chambers. In case of blow- 
out, only outer chamber 
gives way. 


No tube or tire in the world will protect you 
against both punctures and blowouts. Goodyear, 
however, offers you the best protection against 


LIFEGUARD SAFETY TUBES 








Goop/Y 





IF YOU DRIVE MOSTLY IN THE CITY, you're always faced 
with the possibility of a puncture, that gradual loss of air 
that causes a flat and all the trouble that goes with it, 
Goodyear has a special protection that rids city drivers of 
flats caused by punctures. Get Goodyear Puncture Seal 
Tubes. These double-action tubes seal punctures . . . 
automatically! 


How Puncture Seal Tubes seal themselves! 








PUNCTURING OBJECT 
SEALED BY TUBES J 
INTERNAL LAYER OF 


PUNCTURING OB8/ECT 
SQUEEZED TIGHT BY 





2. Gummy plastic closes in 
around object. When object 
is removed, plastic seals 
hole. 


1. Tube is compressed. 
When pierced, it grips firm- 
ly, instantly. Prevents es- 
cape of air. 





either punctures or blowouts. It’s just a question 
of deciding which kind of protection you need * 
most—and getting it! 


and PUNCTURE SEAL TUBES 


EAR 


LifeGuard, T. M.—The Goodyear Tire & Rubber Company, Akron, Ohio 
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The Trend of Affairs 


The Weak and the Strong 


n the days when preventive medicine depended 
| Ee upon rationalism than upon experimentation, 

it was deemed a reasonable assumption that well- 
fed human beings or animals should resist disease bet- 
ter than ill-nourished ones. However, when controlled 
studies in this field were begun, the expected relation- 
ship was by no means always confirmed. In some of 
the experiments ill-nourished animals actually ap- 
peared to be less susceptible to disease than well-fed 
ones. In other studies the nutriture of the host had no 
demonstrable effect one way or the other on resistance 
to infection. All in all, the accumulated evidence cn 
this subject has been inconclusive, sometimes even 
contradictory. A new element of understanding is 
now emerging, however, from the results of recent 
studies of the resistance of mice to mouse typhoid. 

A unique feature of the mouse-typhoid studies is 
their consideration of natural variability in infective 
power or virulence of the disease-causing bacteria, as 
well as inherent variations in resistance of the mice. 
Such variability in any biological characteristic is 
found in all living things.* As these variations may be 
in a large measure hereditary, they can often be regu- 
lated by breeding procedures. Thus in the mouse- 
typhoid experiments, resistant and susceptible colo- 
nies of mice were bred, in addition to an average non- 
selected mouse population having widely variable re- 
sistance. Likewise uniformly virulent, and also uni- 
formly avirulent, strains of mouse-typhoid bacteria 
were developed, for use experimentally alongside of 
the normal nonselected bacterial culture of variable 
virulence. 

Each of the three types of animal was then infected 
with each of the three types of bacteria. Furthermore, 


® Frederic W. Nordsiek, “The Mathematics of Life,” The 
Technology Review, April, 1948, page 313. 
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these nine groups were in turn each divided in two; 
half of the animals were fed what, at the risk of some 
oversimplification, may be called a “good” diet, 
whereas the other half of the animals received a 
“poor” diet. 

The results of these experiments were concise and 
conclusive. All of the animals who had been exposed 
to the uniformly virulent bacteria succumbed, regard- 
less of their inherent resistance and regardless of their 
diet. Contrariwise, all of the animals who had been 
inoculated with the avirulent bacteria survived, re- 
gardless of the natural resistance of these animals, or 
their ration. 

Turning now to those animals who had received in- 
oculation with the nonselected typhoid culture, all of 
the resistant mice survived and all of the susceptible 
ones succumbed, regardless of which ration they had 
eaten. But in the one remaining category, the nonse- 
lected animals exposed to the nonselected bacteria, 
the mice receiving the good diet survived, whereas 
those eating the poor diet perished. Thus here only 
did the quality of the ration have any effect upon re- 
sistance to disease. 

This technique of considering the genetic back- 
ground of bacteria or other infectious agents, as well 
as the hereditary of the host, provides an improved 
basis for studies of disease resistance. The findings 
summarized above furthermore have immediate prac- 
tical import. The situation where a good diet was 
found to have a favorable effect, namely that of an 
animal population with variable resistance exposed to 
a bacterial strain of variable virulence, reflects the re- 
lationship existing when diseases attack mankind. 
Therefore, the inference follows that a dietary of max- 
imal nutritive value continues to hold promise as a 
factor in protection against disease. For the present, 
at least, man is safe in assuming that a nutritious diet 


will provide health. 











Flywheel Engines 


NHABITANTS of Zurich, Switzerland, may see a very 
I unusual vehicle on test runs these days. Its peculi- 
arity is so well hidden, however, that the average on- 
looker is unlikely to notice anything strange about it. 
On casual inspection, the vehicle looks like a very nor- 
mal city bus, but its motive power is the energy stored 
in a large flywheel. 

Of course the momentum of a flywheel has found 
numerous industrial applications, but usually it serves 
to bridge the gap either between power surges or peri- 
odic loads. Only once in the history of technology has 
a flywheel served for power storage in the same sense 
in which an electric battery is used for power storage. 
That was in the American Howell torpedo invented 
by John A. Howell, an officer in the United States 
Navy, and submitted to the Bureau of Ordnance on 
June 18, 1870. After a number of modifications the 
Howell torpedo assumed its final shape in 1890. It had 
an over-all length of 128 inches, a maximum diameter 
of 14.2 inches, and a total weight of 475 pounds. Its 
motive power consisted of a drop-forged steel fly- 
wheel, weighing 131.4 pounds, which was geared to 
two propellers, placed side by side, in such a manner 
that the propellers made eight revolutions for every 10 
of the flywheel. An engine which formed a permanent 
attachment to the launching tube charged the torpedo 
with energy by bringing the flywheel up to 10,000 
revolutions per minute. When the torpedo was fired, 
the flywheel released its stored energy to the propel- 
lers, and helped to keep the torpedo on course by way 
of its gyroscopic action. The reason why the Howell 
torpedo was never put into service was largely be- 
cause it had a tendency to lose speed rather quickly. 

While the Howell torpedo was purely mechanical, 
the new vehicles (among them the “gyrobus”), which 
have been developed by the engineers of the Ateliers 


To all outward appearances the gyrobus, which travels the 

streets of Zurich, resembles any of the more conventional motor 

vehicles, as may be judged from this view of the bus undergoing 
servicing in its terminal garage. 


Oerlikon 






































Oerlikon 


Heart of the motive power for the gyrobus is the 2,200-pound 
flywheel, which is brought up to its normal speed of 3,000 
revolutions per minute by an electric motor drive. The 6-foot 
flywheel runs on ball bearings in a sealed case, in a hydrogen 
atmosphere, to reduce friction losses to a minimum. 


de Construction Oerlikon in Switzerland, are powered 
by what may be called a momentum-electric drive. 
The core of the system is a steel flywheel, weighing 
one metric ton (2,205 pounds). The diameter of the 
wheel is 180 centimeters or very nearly 6 feet. It runs 
in a sealed case on heavy-duty ball bearings in a hy- 
drogen atmosphere and is accelerated to 3,000 revolu- 
tions per minute. The frictional losses are so smail that, 
if left alone, the flywheel would run for a full 10 hours 
before coming to a standstill. Naturally the energy is 
not taken off this wheel mechanically. An electric mo- 
tor, mounted on the same shaft, is used to accelerate 
the wheel. It also serves as a generator when the 
wheel is spinning, and in this case the current gener- 
ated by the energy stored in the flywheel is then used 
to drive the bus. The flywheel and motor generator 
are mounted with axis vertical at the center of the bus, 
with the flywheel below the floor and the motor gen- 
erator beneath a pair of back-to-back seats. 

This design is not meant to replace existing heavy- 
traction vehicles of any kind: its purpose is to provide 
noiseless and exhaustless electric drive without the 
need for an overhead trolley. Its designers advocate its 
use for: city busses, city railroads making frequent 
stops, locomotives for shunting and general yard duty, 
and prime movers for use in mines 

A city bus of a total weight of 12 tons could travel 
about six miles on one full charge of the flywheel. 
Losses caused by starting and stopping for city traffic, 
stop lights, and so on would probably re ‘duce this 

range to roughly four miles per charge. After that, the 
flywheel would have to be recharged which would re- 
quire about two minutes. But city traffic occasions 
numerous stops to take on or let off passengers, and 
these stops can be utilized for recharging the flywheel 
(Continued on page 50) 
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Universal Military Training 


The Practical Choice Facing the Country Is That between 


a Policy of Preparedness and One of Improvidence 


By KARL T. COMPTON 


[The Technology Review is proud and happy to join the 
magazine Social Progress in presenting this lucid and thought- 
provoking analysis on a timely and important topic. Prepared 
at the invitation of the Secretary of the Division of Social 
Education and Action of the Board of Christian Education of 
the Presbyterian Church, Dr. Compton’s message has unusual 
significance for Technology Alumni. — Ed.) 


evidence which is so convincing that the conclu- 

sions must be accepted by all informed people. 
There is no room for personal opinion, once the facts 
are adequately assembled. Thus the so-called “laws of 
science” are as basic as the facts of nature. There is, of 
course, the realm of uncertainty and hypothesis 
through which all scientific inquiry passes in the proc- 
ess of establishing a basic principle or law of nature. 
This area of uncertainty is the field for scientific re- 
search. Mathematics and some of the simpler parts of 
physics and chemistry are examples of great progress 
in reaching conclusions which are no longer debat- 
able. More complicated aspects of these subjects, and 
of such fields as biology and psychology, are examples 
of scientific endeavor in which there is still room for 
differences of opinion and judgment regarding the 
evaluation of the evidence, and for the search for fur- 
ther evidence which may settle the controversial 
points. But the characteristic feature of scientific work 
is its disassociation from personal opinion or emotion, 
and its endeavor to base conclusions on factual evi- 
dence so objectively that there is no room for final dif- 
ference of opinion. 

The realm of human affairs, on the other hand, is so 
vastly more complicated that in only the simplest af- 
fairs of life can this purely objective conclusion be 
reached and be universally accepted, even though the 
effort be sincerely and intelligently made to achieve 
it. This is especially true where ethical or religious 
values are involved, and where human emotions come 
into play. Reaction to the proposal of universal mili- 
tary training is in this category. With the same set of 
facts in mind, it is evident that widely different con- 
clusions are reached by different people. No less a per- 
son than Woodrow Wilson said: 


I: science, the objective is to assemble and analyze 


We speak of this age as the age when mind is monarch, 
but I take it for granted that if that is true, mind is one 
of those monarchs who reigns but does not govern. As a 
matter of fact, the world is governed in every generation 
by a great House of Commons made u of the passions; 
and we can only be careful to see that the handsome pas- 
sions are in the majority.° 


® Howard Lowry, The Mind’s Adventure, page 34 (Philadel- 
phia: Westminster Press, 1950), $2.50. 
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Nevertheless, the intelligent person will make the 
best effort he can to evaluate rationally, rather than 
emotionally, the circumstances which bear on the de- 
cisions he must make and the actions he must take. 

With these factors in mind I have no illusion that 
my presentation here will convince everyone that my 
views are correct. I can only hope to explain some of 
the reasons for my stand on the subject and hope that 
this analysis may be helpful to some others. 

First, let me state certain facts which seem to me to 
be almost self-evident, and which bear upon our con- 
clusions regarding universal military training. One 
such fact is that we often have to face alternatives, 
none of which is pleasant or right, but where some 
choice must be made even if one choice be to do noth- 
ing and take the consequences. One difficulty here is 
that even the Christian religion does not always point 
the clear way; for example, “Thou shalt not kill.” But 
what of a situation where a policeman sees a desper- 
ado at the point of murdering a mother and her chil- 
dren, and has no time to intervene except by shooting 
the desperado? The same problem is posed in more 
complicated circumstances when an aggressor nation 
attacks a neighbor nation for purposes of domination. 

Another fact is that universal military training is 
not a basic issue, but becomes an issue only after sev- 
eral more fundamental issues are faced. One such is- 
sue is the question: “Is there anything worth fighting 
for?” or “Is war ever justified?” The answer to these 
questions is a matter of moral judgment. For my own 
part, I would fight to prevent the raping of a loved 
one — and I hope that my Christian principles would 
make me react similarly even if the person attacked 
were not of my circle of family and friends. The ma- 
jority of people of our race have struggled for genera- 
tions, through violence and war as well as through 
other means, to achieve certain rights of individual 
freedom and popular government. Most of us would 
not lightly surrender these rights and permit the un- 
doing of generations of human progress. In brief, we 
would put freedom ahead of peace as a basic objec- 
tive. If the issue is not immediately before us, but is 
before some other nation like South Korea at the pres- 
ent time, then we face a decision which is twofold: 
first, the practical question, “Is the ultimate threat to 
us sufficiently serious to justify our intervention 
through self-interest?” and second, the moral question, 
“Do we have a duty to come to the defense of another 
nation which is unjustly and cruelly attacked?” . 

If one’s answer to these questions is the sincere con- 
viction that any alternative whatever is preferable to 
war, then for that person the argument might seem to 
be closed, but it is not. Whatever this individual, and 
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a group like him, may feel about the questions posed 
above, there is still the unhappy reality that war may 
come anyhow. There is partial truth in the saying: “It 
takes two to make a fight.” A more accurate statement, 
and one more pertinent to the situation would be: “It 
takes two to make a peace.” Thus the possibility must 
be faced that the individual who believes that war is 
the worst of all evils, may still have to become en- 
gaged in it, along with all his fellow citizens. 

The answer made by the majority of our people to 
the question of whether war is ever justified is not 
made in the abstract, but is made as specific situations 
and types of situations arise. I believe the past and 
present evidence to be overwhelming that the Ameri- 
can people will fight, if necessary, under circum- 
stances of extreme threat or attack upon their own 
freedom and safety, or upon the moral standards 
which they hold most precious. Thus the actual prob- 
lem is not what we would wish were the case, but 
what should we do under the circumstances. Here 
there are several alternatives also, before we reach the 
question of universal military training. 

First, there is a group with sincere religious convic- 
tions against war or any participation in its prepara- 
tion or conduct. These religious convictions are 
respected, even in time of war, by allowing such per- 
sons to substitute some form of national service which 
is as far as possible removed from military activity. A 
second alternative is to do nothing, or as little as pos- 
sible, toward being ready for a war emergency. The 
third alternative is to prepare to meet any war emer- 
gency promptly and effectively, even though every ef- 
fort is simultaneously made to avoid war. 

The first alternative, while justifying a certain meas- 
ure of respect, cannot be considered as having much 
effect on national policy, although it may have domi- 
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nating effect on those individuals who subscribe sin- 
cerely to it. The practical choice facing the country is, 
therefore, that between a policy of unpreparedness or 
a policy of preparedness. Here there are some factors 
which can be stated with certainty; other factors can 
only be weighed pro and con. In the final analysis, it is 
the over-all judgment of the people and their elected 
leaders which will set the program. Let me mention a 
few of these factors. 

It is certainly a fact that enormous sacrifice of life 
and property occur, and danger that defeat may ren- 
der even these sacrifices futile, when a nation is 
caught in war unprepared. It is certainly true that 
modern methods of warfare combine to make unpre- 
paredness more dangerous — this because the attack 
will be more sudden and devastating and because the 
highly technical nature of modern warfare requires a 
long time for production of its instrumentalities and 
lengthy training in their use. The slogan that a mil- 
lion men will spring to the defense may have had 
some meaning many years ago; it has no significance 
now except as an emotional trick of oratory. Over 
against the moral issue of war itself is the moral re- 
sponsibility of permitting unnecessary slaughter and 
possible loss of those values which we cherish as the 
“American way of life,” if we permit ourselves to be 
caught in war unprepared. 

Among the more uncertain factors is the extent to 
which preparedness for defense increases or decreases 
the probability of becoming involved in war. The rec- 
ords of the last two world wars are conclusive that, 
whatever else may have been contributing factors, the 
final decisive factor was the belief of Germany that its 
aggressive ambitions could be carried through suc- 
cessfully because of conviction that the democratic 
nations and the intended victims were physically and 
spiritually incapable of putting up a_ successful 
resistance. 

Another uncertain factor, especially important at 
present, is the extent to which the nations opposed to 
the continued expansion of Soviet domination might 
defeat themselves economically through their pro- 
grams of military preparedness. As to the threat of 
Soviet domination there is no uncertainty: it is evident 
from a great mass of circumstantial evidence as well 
as from the clearly expressed statements of purpose 
from Karl Marx to Stalin — just as clearly as was Hit- 
ler’s objective stated in Mein Kampf. It is in the un- 
certain areas that intelligence and judgment are 
needed to find the most advantageous evaluation and 
course of action. I believe it is clear that the predomi- 
nant judgment of the American peole is in favor of 
adequate preparations for defense in the present 
world situation. 

It was in the light of all these considerations that the 
civilian commission, appointed by the President in 
November, 1946, to advise him in the matter of uni- 
versal training, addressed itself first to such basic 
questions as those discussed above. Its judgment was 
that, except as a measure for national security, uni- 
versal training was not advisable. It then went on to 
examine into the need for strengthening of our na- 
tional security, and concluded that the need existed, 
and was urgent. In attempting to determine the direc- 
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tions in which our national security should be 
strengthened, it made an analysis of the various ways 
in which our nation might become involved in war, 
what the nature of war might be in each situation, and 
what would be the requirements for maximum suc- 
cess and minimum loss. Incidentally, one of the situa- 
tions which was analyzed was exactly that which has 
developed in Korea, although that country was not 
mentioned specifically. 

This commission was composed of two churchmen, 
two practicing lawyers, two educators, a former dip- 
lomat, an industrialist, and an industrial relations 
counselor. It unanimously recommended universal 
training in peacetime, as one essential part of an 
integrated national security program including a num- 
ber of complementary factors, no one of which was in 
itself adequate but which taken together formed the 
basis of an adequate program. It recommended that 
the universal training program be established with 
careful attention to moral and religious environment 
and character development, and that it be continued 
until some later re-evaluation of the world and na- 
tional situation should indicate that it is no longer 
needed. 

I shall not attempt here to recapitulate the details 
of the plan. They have been widely discussed and are 
available for study and reference. In closing, however, 
I should like to make the following comments. 

If the plan had been put promptly into operation, 
we and the United Nations would now be in a far less 
critical situation. We could have reacted far more 
promptly and effectively against the aggression in 
Korea. It may be argued, though not proved, that the 
Korean aggression would never have occurred — and 
this goes also for other directions of possible future ag- 
gression whose possibility we can envisage. For it 
seems clear that no nation will undertake a military 
aggression if it believes that the forces which will op- 
pose it are strong enough to render the attempt un- 
successful and disastrous. Here I believe that those 
who have opposed universal military training, how- 
ever sincere may have been their reasons, have much 
to answer for. 

Secondly, I can understand sincere differences of 
opinion on this subject, but I have neither sympathy 
nor respect for the tactics which were employed by 
some to defeat the proposal by using the epithets “con- 
scription” or “undemocratic.” These are rabble-rousing 
tactics aimed at arousing emotions, rather than honest 
attempts to face and evaluate the issues. The same 
tactics and epithets were used in the middle of the last 
century in the attempt to defeat the project for uni- 
versal education. Furthermore, we do, by democratic 
processes, conscript wealth by taxes. We conscript 
soldiers in time of war. We conscript citizens locally to 
fight fires or floods or other dangers of disaster. When 
our society, for its own protection and welfare, de- 
mands services of its citizens, and does this through 
procedures established by the people themselves, 
such procedures are not “undemocratic”; they are ex- 
amples of democracy at work. 

Finally, there is the question as to whether uni- 
versal military training should be authorized now by 
law, or whether decision on this question should be 


NOVEMBER, 1950 





H. Armstrong Roberts 


postponed until we are again at peace. I am no longer 
in close contact with the Department of Defense, 
but I suspect that we may not have the facilities of 
physical equipment and training personnel available 
for operating a universal military training program 
now, while our resources are occupied in meeting the 
emergency in Korea. Nevertheless, the argument 
seems to me to be overwhelmingly in favor of author- 
izing such a program with the least possible delay, 
with provision that it be put into effect when condi- 
tions make this possible. The reasons for so proceed- 
ing are several, of which I would mention only the 
following. 

The end of the Korean war, when it comes, will al- 
most certainly not be the end of further danger of war. 
Those nations, from which danger of war stems, have 
seen us fold up our military strength precipitately as 
soon as we have finished a war. World Wars I and II 
are vivid examples. This action testifies nicely to our 
lack of aggressive intent, and not so nicely to our 
stamina to see through to conclusion the objectives 
for which we have fought, once the immediate danger 
was past. 

We do not need this kind of proof that we have no 
aggressive intentions or imperialistic ambitions. Our 
treatment of China after the Boxer rebellion, our free- 
ing of Cuba and the Philippines after helping them to 
establish a program of self-government, are evidence 
on this point far more convincing than words or propa- 
ganda claims. But we do desperately need to estab- 
lish an adequate basis for security, and to convince 
our friends and our possible enemies that we are de- 
termined to support effectively our own security and 
the international effort of the United Nations to pre- 
vent war by friendly co-operation if possible and to 
discourage war by force if necessary. 
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tute under the shadow of a national emergency, 

and therefore under uncertainty as to how long 
it can continue at college. I urge that you consider 
your status as a student here as an important service 
to our country. America has a shortage of competent, 
well-trained men in many professional fields, includ- 
ing science and engineering, and this shortage is likely 
to grow more acute if the emergency itself becomes 
more acute. It is important, therefore, that we con- 
tinue to educate as many professional workers of high 
grade as we possibly can, and that we recognize that 
the student, who is preparing himself industriously to 
be an effective citizen and worker, is performing a 
patriotic service no less than the man who is called to 
participate directly in military service. 

Since most of you are studying in the fields of sci- 
ence and engineering, you have a quite special status 
because of the critical importance of these fields to 
our national security. This makes it all the more im- 
portant that you realize the importance of the work 
which you will be undertaking here as well as the im- 
portance of your future functions as scientists, engi- 
neers, architects, economists, and managers. This 
means, further, that you have a special obligation to 
make as effective use of your time and opportunities 
here as your capacities permit. 

I also caution against the attitude that only work in 
the fields of science and engineering will be important 
under present conditions. On the contrary, I think that 
the acquirement of the broadest possible education 
is your special obligation and mission at the present 
time. In the modern world of turmoil and strife in 
which we live, it is absolutely essential that our edu- 
cated people, particularly our professional people, ac- 
quire the broadest possible understanding of modern 
society, of how it works, and how it fails to work. The 
future of our country depends upon our success in 
solving human problems along with material prob- 
lems. There is no proper place in our colleges any 
more for those who are indifferent to problems of hu- 
man conduct. The future of our country also depends 
upon our interest and competence in preserving such 
imponderables as good taste, high standards, ideals, 
and spiritual interests. 

Scientists and engineers, because the effects of their 
material accomplishments are so great, are under a 
special obligation to think broadly and humanely 
about their work and its impact. And so I suggest to 
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The Institute’s dual responsibility in 
carrying on a vigorous educational program, 
while simultaneously increasing its contribu- 
tions to national security under present un- 
settled world conditions, is emphasized in 
President Killian’s welcome to the Freshman 
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you that as new students at Technology, you are men 
with a mission — a mission to prepare yourselves with 
all the energy you can summon to serve your country 
both in war and peace. I recall to you the classic defi- 
nition of an educated man, Milton’s oft-repeated defi- 
nition: “I call therefore a complete and generous 
education that which fits a man to perform justly, skill- 
fully, and magnanimously all the offices both private 
and public of peace and war.” In a time of crisis, es- 
pecially, this kind of education should be your ideal. 

Perhaps it would be helpful to you if I described our 
present policy here at Technology as we have formu- 
lated it in response to the present crisis. The interna- 
tional situation is fraught with danger for us, and the 
days ahead are ominous and obscure. We need there- 
fore to keep ourselves in readiness for anything. We 
cannot expect a normal, peaceful condition in the 
months ahead. 

This means that we are faced by the difficult but 
imperative problem of finding out how to exist under 
these conditions without giving up all social or intel- 
lectual progress. There have been other periods in his- 
tory when peoples and nations have been involved in 
a condition of war or semiwar over a long period, and 
at the same time have been able to be enormously 
productive. Some of the great advances in science and 
in art have occurred during periods of emergency and 
stress. To cite one example, Leonardo da Vinci, Mi- 
chelangelo, Titian, and Raphael were making their 
contributions to the Renaissance in Italy in the same 
years that a fellow countryman, named Machiavelli, 
was writing of Italy as a country * “without head, with- 
out order, beaten, despoiled, torn, overrun and to have 
endured every kind of desolation.” Leonardo did his 
work during the turmoil which accompanied the tran- 
sition from feudalism to nationalism. We must do our 
work in a world that is suffering the birth pains of 
internationalism. 

With these conditions and necessities in mind, we 
here at M.I.T. believe it important that, under present 
conditions, we should maintain our regular educa- 
tional program in as normally vigorous condition as 
possible and we should proceed with all of our plans 
to develop and strengthen our program without letup. 

It is critically important that we not disrupt our edu- 
cational program prematurely or unnecessarily. We 
deem it to be of special urgency that we maintain our 
undergraduate program, the program that you are 
now starting, in the most effective possible manner. 
To do this means that we must have the closest pos- 
sible collaboration from the students and staff, and we 

may be working under difficulties of man-power short- 
ages and other pressures. It means further that it is 
important that all of us remain calm and that we hold 
fast to a sense of dedication to our work and its height- 
ened importance. 

As you may know, one of the distinguishing char- 
acteristics of M.I.T. has been the spirit of public sery- 
ice which animates all of its staff. During World War 
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A MISSION” — by James R. Killian, Jr. 


Il, M.L.T. carried out the greatest research program 
undertaken by any American educational institution, 
and I can tell you at the present time that we are car- 
rying the heaviest load of research and advisory ac- 
tivities, directed at national security, of any American 
institution at the present time. This means, therefore, 
that we have a dual responsibiliy in maintaining and 
possibly increasing this contribution to the national se- 
curity, while at the same time carrying on a vigorous 
educational program that will result in the best pos- 
sible preparation for our students. 

In seeking to carry out this dual responsibility, we 
are attaching high priority to our educational and 
basic research programs in the belief that under pres- 
ent conditions their uninterrupted maintenance is our 
best contribution to the national welfare. We wish 
to maintain our staff and student body as a team — a 
force in being available and strong to meet future 
demands as they arise. 

I hope that as you settle down and become familiar 
with your environment here, you will come to sense 
the key importance of this institution in our national 
life, both in peace and war. The sum total of our stu- 
dents, staff, and facilities here constitute one of the 
great resources of the nation, and the contributions 
which we have made and continue to make can affect 
profoundly the welfare of the nation. This is true be- 
cause of our great resources of outstanding scholars, 
together with the spirit of public service about which 
I have already spoken. One of the great traditions and 
traits of M.I.T. men is a readiness to serve the public 
interest unselfishly and in the professional spirit. 

Our colleges and their students are vital factors in 
keeping democracy strong and in keeping it a com- 
munity of individuals and not a regimented mass of 
people. That is why I feel strongly that in our com- 
munity life at Technology we must practice democ- 
racy and employ in all of our relationships a humane 
and tolerant spirit of mediation, reconciliation, and 
reverence for the individual. 

All of what I have said so far has been leading up 
to this problem of how to tackle college in the year 
1950 and of the attitudes which will be most helpful 
to you as a student at M.I.T. My hope for you is that 
your years in college, taken in the round, may be not 
just a task, but an exhilarating and joyous experience. 
I am sure that they can be if you avoid cynicism and 
indifference and purely selfish objectives. If you are 
receptive and open-minded, active and not passive, it 
can be a matchless experience. 

Why is this true? As an undergraduate, you are liv- 
ing in the nearest approximation to a Utopian com- 
munity that you will ever find. A college, if it is good 
and yours is, is so contrived that every part of it seeks 
to encourage, through you, your growth and well-be- 
ing. Colleges, I hasten to say, are not perfect com- 
munities: wherever people are gathered together 
there will be some pettiness, selfishness, and frustra- 
tion. These are minimized, however, in a college com- 


NOVEMBER, 1950 


munity, and I think that you will find more good will 
in college than in any other human situation outside 
of a happy home. Since the setting and conditions ap- 
proximate the ideal for living and learning, it is im- 
portant to take advantage of them to the hilt, to 
share fully in every part of college living that can con- 
tribute to your development. By living generously, 
even boldly, under these conditions you can have the 
magical experience of which I speak, the exhilaration 
of free eer 

The fact that college is an oasis designed for your 
benefit places you under special responsibilities. ‘You 
must realize that being in this oasis is a privilege and 
not a right. You must remember that the earnings and 
labor, the striving and the imagination of many peo- 
ple have made it possible for you to benefit from 
the institution. The obligation that this places upon 
you is that you must accept } your responsibility for 
keeping it an oasis. We believe that a man demeans 
his college education if he looks upon it solely as a 
means to increasing his earning power. 

Essentially a college is a group of people with a 
common aim, a “company of scholars,” and the effec- 
tiveness of this community depends upon the quality 
of the people in it and their willingness unselfishly to 
work for the common good. I have confidence that you 
will do this, but I still want to stress the importance of 
living altruistically in college. This is the only ee 
way to live in a community that must be altruistic i 


(Continued on page 64) 
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All Experience Is of Change — I 


A Survey of the Senses Reveals Large Gaps in Our Knowledge 


of the Mechanism by Which Man, Depending Mainly on 


Vision and Hearing, Perceives His Environment 


By FREDERIC W. NORDSIEK 


than the most delicate scientific instruments, but 

in other respects are grossly inaccurate. Never- 
theless the early observations of natural phenomena, 
from which the beginnings of the sciences stemmed, 
had to be accomplished by the unaided senses. Today, 
admittedly, man enlists the aid of a great variety of 
precision instruments in his scientific observations. 
But technical knowledge — whether gained through 
the senses, through instruments, or developed by 
means of mathematics or other forms of ratiocination 
—is useful only to the extent that it is transmitted 
from individual to individual and from generation to 
generation. For such transmittal, use is made of writ- 
ten or spoken language, and the specialized notations 
of the various sciences. But in this form, knowledge 
can be absorbed by the recipient only through his 
senses, usually sight or hearing. 

In fact, the ability thus to transmit ideas via 
the senses is a cardinal point of differentiation be- 
tween man and the lower animals. In this connection, 
it is noteworthy that as man climbed the evolutionary 
ladder, he gained accuracy in vision at the cost of a 
less highly developed sense of smell. Thus the lower 
mammals rely primarily upon smell to communicate 
with their environment, to guard against danger, to 
guide them to food, and to find a mate; whereas man 
is mainly dependent upon sight for these purposes. 
We shall see presently, however, that in some in- 
stances at least, animals receive sensory impressions 
similar to those received by the human being, but that 
man’s intellectual ascendancy arises from his ability 
to interpret, evaluate, and interrelate these impres- 
sions, as well as to convey his conclusions therefrom 
to other human beings. 

Thus it becomes apparent that despite the avail- 
ability of specialized instrumentation, and regardless 
of the importance of mathematics in the development 
of modern scientific knowledge, the human senses re- 
main a vital link in technical progress. Let us therefore 
ponder the human senses; enumerate them; evaluate 
their strengths and weaknesses; and determine 
whether limited acuity in any of the senses can be an 
obstacle to scientific advancement, either of the indi- 
vidual or of society as a whole. 


Te human senses are in some respects keener 


There Are More than Five 


Classically, the human senses were considered to 
be five in number — sight, hearing, touch, taste, and 
smell. In the light of present-day knowledge, how- 
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ever, sight and hearing alone stand as well-defined 
units. Sight and hearing are, incidentally, by far the 
best understood of the senses, and have been ex- 
plored by physicists as well as by physiologists. Touch, 
taste, and smell are not unities, but rather are com- 
plexes consisting of several senses. Finally, a number 
of other human senses exist that were entirely 
omitted from the list of the classic five." 

What the layman knows as touch is actually a group 
of “cutaneous” senses, so-called because their recep- 
tors lie in the skin and mucous membranes. These 
tissues can register four quite distinct sensations: pres- 
sure, pain, heat, and cold. The receptors for each of 
these several sensations differ in structure, and may 
be distinguished readily under the microscope. Fur- 
thermore, the four types of cutaneous receptors also 
differ in their distribution throughout the body; thus a 
given area may be sensitive to pressure but not to 
pain, and so on. 

A true sense of taste does exist, but has only the 
limited ability to identify four sensations: sweet, sour, 
salt, and bitter. What the average person means when 
he refers to taste is, in fact, flavor. Flavor is a complex 
sensation that may include taste, as well as odors de- 
tected in the nasal passages, and also cutaneous sen- 
sations in the mouth generated by texture and other 
physical properties of the ingested substance. Thus, 
vanilla is “tasteless” when the nose is held shut, be- 
cause the flavor of vanilla is an odor. Likewise, a soggy 
cracker “tastes” different from a crisp one, because cu- 
taneous sensations are an important part of this flavor. 

The olfactory sense has two elements: One member 
is the true sense of smell that differentiates sharply 
among odors of various sorts; the other element, 
called the “common chemical sense,” is the faculty 
that, for example, reacts to ammonia or chlorine 
fumes. If one recalls an encounter with such fumes, 
he will realize that the sensation is one of irritation 
rather than of true odor. Odor and the common chem- 
ical sense are, in fact, experienced through two 
anatomically different types of receptors in the nasal 
passages. e 

Already our original five senses have doubled 
in number. And additions to the list may now be ad- 
duced through consideration of the fact that, by defi- 
nition, senses are responsive not only to external 
stimuli but also to internal stimuli. One important 
sense in the latter category is proprioception, or mus- 
cle and joint sense. This faculty keeps the individual 
apprised of the position of his members, quite inde- 

1 Please see references at end of article. 
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pendent of sight. Proprioception, for instance, makes 
it possible for one to touch accurately a given point 
on the body surface, with the eyes closed. 

Another related and well-defined sense is balance 
and rotation, sometimes called static and dynamic 
equilibrium. This sense makes possible the mainte- 
nance of an erect position, or any other desired posi- 
tion, without visual reference to the environment, and 
also keeps one informed at all times of the position 
of the body. 

Finally, there are several miscellaneous faculties 
that are sensitive to stimuli not yet covered in our dis- 
cussion. Although not all thoroughly understood, these 
faculties are regarded by physiologists as true senses. 
They include hunger, thirst, visceral senses (such as 
nausea), tickling, and the sex senses. 

Thus a cursory scrutiny has revealed that there are 
fully three times as many human senses as would be 
indicated by the classic total of five. 


All Experience Is of Change 


With some exceptions, sensory impressions result 
from changes in stimulation; either changes in na- 
ture of the stimulus, or increases or decreases in inten- 
sity of the stimulus. Hence it may be said on the whole 
that “all experience is of change.” But the several 
senses differ considerably in their ability to detect 
changes in stimulation. Furthermore the increment, 
or decrement, in stimulation that is noticeable de- 
pends strongly upon the intensity of the basic stimu- 
lus. This fact is illustrated by the commonly made 
observation that a single candle seems bright in a 
dimly lighted room, whereas in 
a brilliantly illuminated area 
the light of a candle is scarcely 
perceptible. 

The relationships just de- 
scribed were reduced to an 
equation by Weber, a Nine- 
teenth-Century physiologist. 
This equation, known as We- 
ber’s law, is 

AS/S = K. 
When expressed in words, 
Weber’s law states that the 
magnitude of the least percep- 
tible change in stimulation, AS, 
divided by the magnitude of 
the basic stimulus S, is equal to 
a constant. The value of the 
constant K differs for the sev- 
eral senses. Mathematical equa- 
tions were rare in the biology 
of the previous century, and the 
crude and approximate nature 
of Weber's equation is revealed 
by the fact that for a given sense 


Man’s knowledge of his environment 

comes primarily through the six well- 

defined senses shown in the white 

sectors. For each sense the concen- 

tric arcs represent the progressive 

steps in converting a physical stimu- 
lus into a subjective sensation. 
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different values for K are stated for light, medium, 
and heavy stimulation. Weber's law was, to be sure, 
refined by a subsequent worker in the field named 
Fechner; but Weber's original and primitive equation 
serves to demonstrate the points we wish to make 
here. 

First, Weber’s law shows that human senses are of 
limited value in quantitative evaluation of stimuli. 
This fact is illustrated by the example, already cited, 
of the apparent variation in brightness of a candle ac- 
cording to the degree of illumination of the surround- 
ings where the candle is seen. 

Secondly, Weber's equation provides a useful, if ap- 
proximate, means of comparing the quantitative 
acuity of the various senses. Thus as applied to vision, 
the constant K of Weber's law is in the order of 0.01. 
This signifies that for vision, most acute of the human 
senses, a one in one hundred change in stimulus is per- 
ceptible. Approximate values of K for other senses 
are 0.05 for the cutaneous sense of pressure, 0.1 for 
hearing, and 0.3 for taste and odor.* Hence, for the 
latter, a stimulus must vary at least 30 per cent to give 
a sensory impression of change. 

Thus, the human senses cover a broad range in 
quantitative sensitivity from the relative acuteness of 
vision to the relative bluntness of taste and odor. How- 
ever, the senses that are quantitatively insensitive 
may be qualitatively acute. For example, the normal 
human nose can detect, as we shall see presently, the 
presence of odorous substances in the air in concentra- 
tions vastly smaller than can be revealed by the most 
sensitive chemical or physical methods available, with 
the possible exception of spectrometry. 


M.1.T. Illustration Service 
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Seeing Is Believing 

Man and the anthropoid apes have the gift of bin- 
ocular stereoscopic vision. As has already been indi- 
cated, the human being relies more heavily upon 
vision than upon any other sense.* The widespread 
recognition of this pre-eminence of the visual sense is 
demonstrated by the astonishment usually generated 
by technical achievements made by a blind person 
(such as that brilliant contemporary example, D. W. 
Woolley of the Rockefeller Institute). In contrast, no 
one is particularly surprised when a deaf person 
achieves scientific distinction. As for the remain- 
ing senses, it is frequently not known, even by the 
individual himself, whether anyone is relatively insen- 
sate or relatively acute in the chemical and cutaneous 
senses. 

Further proof of the primary importance of human 
vision comes from the vast fund of ingenuity that has 
been applied not only to rectify defects in vision, but 
also to project this sense beyond its natural limitations. 
Spectacles have been known since early in the Chris- 
tian Era; today they are commonplace and are used 
by nearly everyone at some time of life. Spectacles 
now are supplemented by regimens of training and 
exercise for the eye muscles, and in addition by a 
highly developed ‘methodology of eye surgery. ‘Al- 
together these resources are able to remedy most 
human eye weaknesses; not only inherent congenital 
defects, but also those degenerative changes that 
often accompany aging in man. 

The success of mankind in extending vision beyond 
its initial limitations is demonstrated by the wide- 
spread use of magnifying glasses and field glasses. 
Mammoth telescopes‘ have projected man’s vision far 
out into the reaches of space, and the electron micro- 
scope’ has carried human sight deep into the micro- 
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cosm, to the extent that the larger molecules may now 
be directly observed. 

Although vision is quantitatively the keenest of the 
human senses, vision (or its psychological manifesta- 
tion) is prey to a multitude of deceptions. This fact is 
demonstrated by the common use of the phrase “opti- 
cal illusion”; did you ever hear general reference 

made to an auditory, olfactory, or tactual illusion? A 
salient optical deception, that fortunately has been 
turned to excellent advantage, is persistence of vision. 
Persistence is the lingering of a sensation for a brief 
interval after the stimulus has been discontinued. It 
occurs in some degree with all of the senses, but so far 
as quantitative knowledge is available appears to be 
most marked with vision. As is well known, persist- 
ence of vision is the basis of motion pictures and also 
television, for both of these devices present a rapid 
succession of images that the eye, because of its pon- 
derousness of response, blends into one continuous 
and apparently moving whole. 

The human eye has a limited faculty of absolute lo- 
calization, as demonstrated by ability to localize ap- 
proximately a point of light in a dark room. This is 
accomplished by means of sensations resulting from 
focusing and rotating movements of the eyeballs, and 
from diverging or converging motions of the two sep- 
arate eyes. However, locality, along with size and mo- 
tion, is normally judged by unconscious comparison 
with other objects seen in the visual field. Many of the 
well-known optical illusions depend upon this fact. 
Nevertheless, man’s crude subjective judgments of lo- 
cality, size, and motion are adequate for the conduct 
of his everyday affairs. Where precision in such meas- 
urements is necessary, man has perfected transits, 
tachometers, micrometers, and a wide array of other 
mensuration instruments for this purpose. 

The visual sensation now remaining to be discussed 
is color. How the human eye registers colors is not 
known. Numerous theories of color vision have been 
propounded, but none succeeds in filling all of the 
gaps in the pattern of known facts. A few of the more 
widely accepted theories however do rationalize the 
majority of established phenomena.*® Color in the 
physical sense is determined by the frequency of light 
waves. The human eye is sensitive to light waves only 
within the limitations of a single octave.’ 

The human eye is an extremely poor instrument for 
measuring color in its physical sense. At the outset, ap- 
proximately 4 per cent of men and a tenth as many 
women suffer from hereditary congenital red-green 
color blindness. Congenital total color blindness also 
exists among human beings. But even for individuals 
with maximal color vision the subjective sensation of 
color is determined not only by inherent color of the 
object viewed, but also by surface textures, wave- 
lengths of the incident light, intensity of the incident 
light, and other confusing factors, such as induction.® 

But in color evaluation, as in mensuration, the 
shortcomings of the human eye have been effectively 
offset by the development of specialized instruments. 
Spectrophotometers, filter photometers, and similar 
instruments serve to characterize colors, either pure 
or in mixtures, to complete satisfaction. As a result, 
limited color vision is probably less of a handicap to a 
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scientist than to certain artisans. A few elementary 
technical tasks, such as chemical titrations to color end 
points, admittedly are difficult for one with imper- 
fect color vision; but a scientific career could easily be 
planned to avoid such activities. Contrariwise in some 
of the crafts, as for example painting and decorating 
or printing, defective color vision might well be a 
great handicap. 

Up to this point our discussion has dwelt upon 
shortcomings of human vision. Where then lies the 
strength of what we have heralded as the cardinal hu- 
man sense? This strength lies primarily in visual 
resolving power. Thus the human eye has an extraordi- 
nary ability to segregate closely adjacent objects. Two 
stars in the firmament are visualized as separate if 
they subtend, at the lens of the eye, an arc of only 50 
seconds. Projected through the lens to the retina, this 
angle marks off a distance of a mere 3.2 microns. 
Other applications extend the human visual resolv- 
ing ability to even finer differences; thus, in the read- 
ing of vernier scales, a break in the boundaries 
between lines may be detected if it subtends a mere 
10 seconds of arc, corresponding to 0.73 microns on 
the retina. 

The illustration just cited of the reading of vernier 
scales highlights why the resolving power of the hu- 
man eye compensates for difficulties in subjectively 
quantifying size, locality, motion or color. Because of 
its ability of resolution the human eye can read the 
scales of micrometers, the rider beams of analytical 
balances, the extremely fine reticules of optical instru- 
ments, the dials, indicators, and gauges of present-day 
scientific apparatus. It is thus that man circumvents 
the inherent limitations of his visual sense, and ex- 
plores with relative ease phenomena that otherwise 
would be shut off from his view. 


Listen Here! 


The normal human ear is sensitive to sound in a fre- 
quency range of approximately nine or 10 octaves. 
With advancing years, sensitivity to the higher fre- 
quencies of sound often diminishes. Man has a differ- 
ent auditory range than some other mammalian spe- 
cies. For example, high-frequency dog whistles are 
widely sold that can scarcely be heard by the human 
being, but which sound loud and clear to Fido even 
at considerable distances, as evidenced by his quick 
response to a blast on them.° 

We can close our eyes or turn our heads away from 
something we do not wish to see, but may exclude 
sound from the ears only by plugging them, and then 
at best partially. Furthermore the ear, in contrast to 
the eye and to the chemical senses as a whole, is not 
readily fatigued. This means that the ear loses little 
in sensitivity even when exposed to a loud and pro- 
longed sound. Furthermore the normal human ear is 
stimulated by extremely weak sounds. In fact it has 
been demonstrated that if the ear were but slightly 
more acute, the human being would hear “thermal 
noise,” which is the sound of random vibration of 
molecules within the auditory nerve. As a result of in- 
ability to close the ear, and of the extreme sensitivity 
and lack of adaptation of the auditory sense, the hu- 
man ear (at least of those persons who dwell or work 
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in centers of population) is constantly assaulted by 
sound. day and night. How then is it possible to 
sleep at night, and how is it possible to segregate ex- 
traneous auditory impressions from the sound that is 
the focus of attention at the moment? The answer to 
these questions introduces the first inkling of what 
will be developed as the keynote of this discussion; 
namely, the role of the central nervous system in ex- 
cluding unwanted sensory impressions, but receiving 
the desired impressions with maximal acuity. For it is 
only through such exercise of selectivity by the higher 
nervous centers that the inchoate mass of sound, that 
constantly assails the ear, is transformed into a mean- 
ingful succession of auditory sensations. 


Auditory Aids of the Future 


Just as man has the rare gift of binocular stereo- 
scopic vision, he also enjoys the faculty of binaural 
stereophonic hearing. This ability apparently results 
from extremely fine discrimination between time of 
impact of auditory signals upon each of the two ears. 
The existence of stereophonic hearing may readily be 
proved by observation of persons who lack hearing in 
one ear. Such individuals have obvious difficulty in lo- 
calizing sounds, as for example identifying which of 
several scattered office telephones is ringing. The 
value of the stereophonic faculty has been recognized 
to the extent that binaural hearing aids are under de- 
velopment at the present time. 

The fact that the hearing aids as presently used are 
applied to only one ear epitomizes the crude state of 
these instruments. Monaural hearing aids are in a 
primitive stage of application comparable to that of 
eyeglasses when the user was required to squint 
through a single lens. It is to be expected that the de- 

(Continued on page 56) 
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Contemplation; [ts Status in Our Society 


A Bit of Meditation, Now and Then, 
Befits the Most Salubrious of Men 


the early years of the last century, and upon re- 

turning to his native France recounted his ex- 
periences and observations. Even today, 115 years 
later, de Tocqueville’s comments are pertinent. He 
found “that in no country in the civilized world is less 
attention paid to philosophy than in the United 
States.” This lack of interest in contemplative pursuits 
even extended to a dislike for the various schools of 
thought into which Europe had always divided itself. 

He found our entire community “simultaneously 
engaged in production and commerce,” an extremely 
unusual situation. In Europe, this spirit of gain was 
restricted and circumscribed, whereas here all were 
addicts. “. . . In America, then, everyone finds facili- 
ties, unknown elsewhere, for making or increasing his 
fortune.” To de Tocqueville it seemed that the pursuit 
of wealth had so gripped the people that neither 
energy nor inclination remained for developing the 
human mind for the “pleasures of imagination and 
the labors of the intellect.”? 

One of our founding fathers, a prolific writer and 
expounder of dogmatic statements, added consider- 
able substance to the sentiments that the values of 
life are attained through utilitarian labor. Franklin’s 
theme’ centered about the belief that our problems 
and those of the world could be resolved through 
production, manufacture, and distribution —in the 
cheapest manner possible and in the largest quantities. 

Although he wrote two centuries ago, Franklin’s 
aphorisms yet echo today. In our contemporaneous 
world where values are being reweighed, the Presi- 
dent and leaders of Congress upon many occasions 
have expounded the advice that what ails others is 
their inability, inexperience, or unwillingness to work 
industriously and industrially. 

Frank Crane, pastor and journalist, expressed the 
views of many when he wrote that he “believed that 
the only trouble with Europe was that, unlike Amer- 
ica, it had never learned to work and to love work. 
Many thought that America, in exporting factories, 
techniques, and efficient industrial organization to 
Europe, would confer a blessing that might yet rescue 
the Old World from an almost hopeless decadence.”* 

We take great pride in being a capitalistic nation 
for we “regard wealth as the best means for an ever 
more complete satisfaction of every conceivable need” 
and “as the means for improving” our “own position.”® 
For capitalism to function unimpeded, all social in- 
stitutions must be organized to be in tune with its 
aims and desires. Obviously, the state must be so 
fashioned that the capitalistic society can function 
unimpaired. “Let it prepare the ground by guarantee- 
ing security; let it predispose the minds of men by 

1 Please see references at end of article. 
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education; and let it establish freedom, so that the 
economic machine . . . may so function as to achieve 
the maximum . . . that will mark the triumph of the 
capitalistic spirit.”* 

It is essential that the milieu be correct for our 
capitalistic spirit to flourish.’ The atmosphere has to 
be regulated, controlled, and organized so that in- 
dividual efforts and activities may attain their fullest 
scopes. All actions and means must be guided toward 
the end that individual economic utility may attain its 
fruition. Such are our principles and criteria. 

Sorokin has a number of interesting observations to 
record along the same line of reasoning. He writes that 
“anything that does not permit of a utilitarian control 
tends to be neglected; anything that does is elevated 
to the dignity of a scientific or valid proposition.”* The 
writer is in complete accord with Sorokin’s statements 
concerning the aims, purposes, and goals of our edu- 
cational systems. Unsuccessful efforts over a number 
of years to bring an institution of collegiate rank to a 
suburban community rather forcefully demonstrated 
that most people seem to believe it is more important 
to have good mechanics, stenographers, and so on, 
rather than scholars and thinkers. The state with 
greater alacrity spends millions on advanced voca- 
tional schools than upon colleges and holds that 
“. . . the educational system . . . is first and foremost 
a training school devoted to ‘useful knowledge’ and 
the crafts. Its chief business is to prepare successful 
business men, craftsmen, engineers and technicians, 
politicians, lawyers, teachers, doctors. . . .”® 

When he was here more than a century ago, de 
Tocqueville discovered similar traits, although today 
many of us picture ourselves as being highly modern 
with our views. “It is evident that in democratic com- 
munities the interest of individuals, as well as the 
security of the commonwealth, demands that the edu- 
cation of the greater number should be scientific, com- 
mercial and industrial, rather than literary. Greek and 
Latin should not be taught in all schools. . . .”*° 

In former years and in other countries, religions set 
the patterns for society. It was not so long ago that 
the Church served as our arbiter for all matters of 
ethics, morals, and daily living. The rise of a natural- 
istic society destroyed the grip that the Christian 
Church held over Western society foremore than a 
millennium. Today, the desire for pecuniary gain takes 
precedence and serves as the mainspring of society. 
“Economic aims” have been isolated to become the 
“object of concentrated and systematic effort,” until 
they are now the “authoritarian standard expediency.”* 

Those of us who are in business recognize the dif- 
ficulty of thinking, after the average arduous day de- 
voted to toil. There is just so much energy to which 
we are heirs and we find that competitive existence is 
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extremely taxing and enervating. After work, we are 
just plain tired! Our leisure activities bear this out. 
Mannheim has written very concisely and cogently 
upon the aforementioned. Within society there are six 

ssible cultural patterns that individuals may pursue 
to give it direction, substance, and goal. Such persons 
or groups who guide and inspire the society's character 
are its elite. Mannheim lists them as, “the political, 
the organizing, the intellectual, the artistic, the moral, 
and the religious.”** “Sparta may be cited as an ex- 
ample of a civilization in which the political and mili- 
tary elites repressed all others, while in the United 
States the elites have been absorbed in the problems 
of organization, and this has determined to a very 
large extent the intellectual outlook of the whole na- 
tion.”4 

When our chores for the day are done, we, as a 
nation, relax in a uniformally characteristic manner, 
with few variations. Needless to say, there are some 
who do not follow the pattern. For instance, de 
Tocqueville wrote: “In democracies, dramatic pieces 
are listened to, but not read. Most of those who fre- 
quent the amusements of the state do not go there to 
seek the pleasures of the mind, but the keen emotions 
of the heart. They do not expect to hear a fine literary 
werk, but to see a play.”*® " 

More recently Sorokin described his observations in 
similar tone but with different words. Thus our culture 
has become “increasingly a 
commodity manufactured pri- 
marily for the market . . . and 
aimed almost exclusively at 
utility, relaxation, diversion and 
amusement, the stimulation of 
jaded nerves or sexual excita- 
tion.”** In music, opera, and the 
movies we find our disturbed 
senses responding to “comedi- 
ans, clowns, murderers 
smugglers . . . insane persons 

and the exotic or erotic 
es. . . .”* Our literature 
depicts the same maladies as 
music, being replete with thrill- 
ers about “warped and morbid 
characters insane and 
criminal types wrecks 
. . . derelicts, . . .”28 

In the more active fields of 
sport, most of us derive our 
exercise through vicarious par- 
ticipation in an extremely pas- 
sive manner. We watch others 
being active, whether it be in 
stadia, in the movies, or at 
home on television. 

The mere possession of wealth is no criterion that 
the fortunate one will use his leisure in a way different 
from him who must toil incessantly. “Comparative 
studies in the use of leisure show at first glance that a 
higher position, larger income, and increased security 
do not necessarily lead to culture. Unless material ad- 
vancement is combined with personal example and 
the persuasion exercised by the pressure of intelligent 
standards for the use of leisure, it may end in bore- 
dom, neurosis and general decadence.”*® 
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One of my business acquaintances, a Scotsman, in 
his earlier days used to tell me that he liked “to 
cogitate.” He is now a good deal older, very success- 
ful and burning his life away at a frightening pace 
to maintain and further expand the business he has 
wrought with his driving energy. I have not heard 
him use the term “cogitate” in many years. He has no 
time to think of anything but business! 

It is realized that conflict and competition are 
the real enemies of contemplation. “This is the real 
reason why the Church allowed monks to engage in 
any sort of activities except commercial ones. Even 
begging . . . was considered compatible with the 
contemplative life.”*° 

Our mimesis is centered about the functioning of an 
organizing producing elite. They establish the pattern, 
we follow. “A Society which uses up all its energies in 
organization leaves little opportunity for introversion, 
contemplation and reflection.”** 

There are literally tens of thousands of aphorisms 
and quotations that may be used to illustrate the intel- 
lectual atmosphere in which we are raised. Some are 
taken from the Romans, others from modern writers 
and many who lived in between. 

Just what is this contemplation which the Puritans 
so vehemently discouraged? Possibly, the best way 
is to investigate what other peoples have done and are 
doing about it. We are indebted to the great German 
sociologist, Max Weber, for his 
penetrating insight, as trans- 
lated and edited by Messrs. 
Gerth and Mills. “Confucianism 
was the status ethic of preben- 
daries, of men with literary 
education who were character- 
ized by a secular rationalism. 
If one did not belong to this 
cultured stratum he did not 
count.” Their influence carried 
far.?8 

India is replete with con- 
templative orders, from the 
“Brahmans, educated in the 
Veda the non-Brahman 
status group of ascetics (who) 
emerged by (their) side and 
competed with them F 
(through those in) the lower 
strata with their plebeian mysta- 
gogues Buddhism was 
propagated by strictly contem- 
plative, mendicant monks, who 
rejected the world and, hav- 
ing no homes, migrated. Only 
those were full members of 
the religious community; all 
others remained religious laymen of inferior value: 
objects, not subjects, of religiosity. During the 
Islamic Middle Ages, contemplative and mystical 
Sufism attained at least an equal standing (with the 
world-conquering warriors of its first period). ; 
During the Middle Ages Judaism fell under the leader- 
ship of a stratum of intellectuals who were trained in 
literature and ritual, a peculiarity of Judaism.”** 

The “Asiatic and . . . Indian world religions” . . . 
have been characterized and “strongly determined by 








a genteel strata of intellectuals devoted to the purely 
cognitive comprehension of the world and of its 
‘meaning’ . contemplation became the supreme 
and ultimate religious value accessible to man. Con- 
templation offered them entrance into the profound 
and blissful tranquility and immobility of the All- 
one.”?4 

We find that usually the oriental religions point “out 
the path to salvation by exemplary living, usually by a 
contemplative and apathetic-ecstatic life.” Ours, how- 
ever, is the type that “addresses its demands to the 
world in the name of a god. Naturally these demands 
are ethical; and they are often of an active ascetic 
character.” In our society “the attitude of active 
asceticism has repeatedly retained supremacy over 
contemplative mysticism and orgiastic or apathetic 
ecstasy.”*> “In their innermost beings, contemplative 
and ecstatic religions have been rather specifically 
hostile to economic life they lead away from 
everyday life and from expedient conduct.”?° 

The central root “temp” (in the word “contempla- 
tion”) is from Latin, signifying time. In this article 
we are endeavoring to explore the mental, as op- 
posed to the physical, usage of time in our society. 
One may express wonder as to the manner in which 
we arrived at the state wherein as a society we 
devote so little time to contemplative thought. 
It did not develop out of nothingness. There 
was a very concrete cause which is historically dis- 
cernible to anyone who is familiar with the develop- 
ment of the Protestant Reformation and more specifi- 
cally with the growth of Puritanism. Weber states that 
utilitarianism arose from Puritanism, for any kind of 
contemplation was suspect. Their bequest has been so 
penetrating that even in the pure sciences we lag. 
Great fundamental discoveries arise in other countries. 


Has Industrialism Progressed Too Fast? 


The Puritans taught us that unless time were spent 
upon usefully resultant products, which were physi- 
cally valuable, the time was squandered. Speculative 
thought was discouraged as being useless and danger- 
ous.** To develop this thought a bit further, most of 
us who are old enough will recall the difficulty that the 
youth of a generation or so ago experienced when seek- 
ing recreation and diversion. “In . societies 
affected by Christian and especially the puritanical 
theology, play and recreation have been looked upon 
as immoral. Just as the expresssion of the biological 
interests was taboo in all Christianity, Calvinism and 
pietism, in particular, took the stand that play was an 
immoral waste of time and energy, that it had its roots 
in evil design and that it led man away from the re- 
ligious and moral life demanded by the divine plan 
of salvation. . In the puritanical theory not only 
was the flesh a handicap to man, but man was also 
required to suppress and control his more natural 
desires by useful work, sobriety and thrift.”** 

We have introduced Western techniques through- 
out the entire earth and are in the midst of continuing 
the process at a much augmented fashion. To the 
chagrin and consternation of many, opposition is 
snowballing to our efforts and kind intentions. Strong 


doubts are being expressed — whither are we bound 
— what for — why? “Homo occidentalis has been over- 
taken by a mistrust of his own élan and an un- 
certainty about his own future which are ominous 
symptoms.”?° 

Those who have read Toynbee know his views: our 
industrialism has progressed too fast, far beyond man’s 
ability to digest its bounties. “There is no doubt . . , 
that it is a moral challenge and no longer a technical 
challenge that confronts our own society in our own 
day.”*° We have overstressed material advances! “The 
industrialist has concentrated all his effort and atten- 
tion upon the relations of Man with Physical Nature 
to the neglect of the relations between Man and Man; 
and he has thus heightened the effect —for good or 
for evil — of every human action by putting at its dis- 
posal a terrific driving power, without having taken 
thought to improve the wisdom or the virtue of the 
human beings whom he has been endowing so reck- 
lessly with these improved technical facilities.”** 

In his masterful work, Spengler** shows that all 
societies pass through similar periods of birth, growth, 
and decay. One cannot adequately summarize a thou- 
sand page opus within a mere paragraph or two nor 
is any such attempt indicated here. However, it is im- 
portant to observe that in their periods of decline, the 
societies have displayed striking uniformities. Among 
these may be mentioned the almost insane drive for 
money and other tangible evidences of physical worth, 
with the concomitant absence of contemplative 
thought. The entire energy is spent upon how to 
augment one’s property and how to protect it. 

From the many preceding observations and refer- 
ences it becomes’ apparent that our society is distinc- 
tive in many respects. We, who are part of its life, 
seldom realize the chasms that separate our ways 
from those of others of the human race. When, for 
some dramatic reason, the differences are thrust be- 
fore our startled senses, a common reaction is to find 
the other insultingly peculiar. It is evident that a vital 
factor has been lacking in our educational system, be- 
cause our utilitarian aspects of life are overemphasized 
to the disadvantage of the contemplative. A balance 
between the practical and the philosophical is needed. 

There are other indications that confirm the incom- 
plete and immature adjustment of people to the prob- 
lems of life arising from the unbalanced and one-sided 
accent upon utility. Psychologists, anthropologists, 
and other students of the social sciences find that the - 
best time to study a society is when it is undergoing 
a crisis that strikes at the very roots of its basic con- 
cepts. For us, such a period is during a depression. 

In times of strife there arises a hunger for “belong- 
ing” which may assume almost the proportion of mass 
hysteria. Then we have the great religious revival 
meetings, and upsurges in mass baptismals. Then 
spiritually lonely people turn to mystical indulgence 
and magical religions. They feel their lives are aim- 
less, useless, and selfish. They hunt hooks to which to 
secure themselves, finding no solace in a mechanistic, 
impersonal mass society.** Others, on the fringes of 
society, the so-called marginal people, turn to radical 
organizations. When the crisis has passed and its prob- 
lems have been resolved, it is this group which is 
hardest to reassimilate into the American body politic. 
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The engineer is an extremely important individual 
in our society. But although we may be aware of his 
ifts there can be no doubt that his fruits have often 
been exploited to man’s harm. There is ever present 
the danger that we are not ethically prepared to re- 
ceive and to understand his great contributions to 
society. Without stopping to evaluate his worth, too 
many are prone to assume that whatever the engineer 
produces comes under the category of progress. There 
is an inclination to make a fetish of the word “prog- 
ress,” without analyzing the significance or connota- 
tions implicit in the individual instances. 

Since civilizations are the political manifestations 
of their respective religions, it is but natural that they 
too should echo the same concepts that underlie their 
religions. Thus, in communist countries where in- 
dustrial activity becomes a duty, rather than a right, 
contemplation is actually prohibited. Independent 
thought is heretic. What is there to think about? The 
last word has been uttered about everything. 

Numerous writers have pointed out that com- 
munism is the final stage in the degeneration of capi- 
talism. This statement is, of course, at variance with 
Marxist philosophy, which sees the former as the 
flower that blooms from the debris of the latter. The 
so-called “apostles of doom” prophesy our eventual 
collapse because, through their studies of history, they 
recognize the telltale symptoms and signs of decay: 
accent upon inanimate machinery at the expense of 
man. This concept, of course, reaches its ultimate in 
communism. 

We pride ourselves that we encourage freedom of 
expression, but there are too few independent thinkers 
in our society from whom we truly benefit by such 
freedom. Too often have we had to turn to Europe for 
original thought. But here, too little encouragement 
in contemplation is given, for our hierarchical criteria 
are built upon other values and standards that are 
antagonistic to it. 

Industrial activity and property accumulation are 
the accepted principal bases upon which social strati- 
fication is evaluated in our society. Other peoples use 
other gauges, but all people establish social recogni- 
tion of worth upon some distinct and inimitable value. 
The Nazis prided themselves upon spurious biological 
racial blood lines, while communists established their 
so-called classless society upon a hierarchy of political 
power. They have their little commissars who wield 
little power, all the way up to the biggest commissars 
with the biggest power. 

Generally, the afore-mentioned values are perma- 
nent characteristics of the society, but as is becoming 
progressively more evident in our own, changes occur 
with resultant modifications in the entire structure. 
Thus, there is the slow but distinct insinuation of the 
military, as opposed to the civilian, forces into our 
governmental and private organizations. We find gen- 
erals, or admirals, who are ambassadors, college presi- 
dents, corporation heads, and so on. By no stretch of 
the imagination can their influence be of the con- 
templative variety; rather it is supplementary to the 
impersonal control of industry over mankind. We 
should realize the implications of absorbing the mili- 
tary into nonmilitary positions. Do we as a society 
desire the trend to continue? 
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As a nation we are passing through an extremely 
important and critical time, for we may be reliving the 
story of Oedipus Rex. Must communism slay us, as 
in the Greek saga, or shall we so expand our horizons 
that the peoples of the world will be anxious to follow 
our leadership? Today we attract them through the 
various economic plans, because our industrial society 
emphasizes accumulation with the necessary freedom 
to pursue further accumulation. But suppose that, in 
addition to our purely utilitarian way of life, we 
abounded in philosophy, in great art, in masterful 
music, in writers for the ages. Would not then the re- 
sponse to our democratic way of life be enthusiasti- 
cally wholehearted rather than merely a marriage of 
convenience? In short, would not the encouragement 
of contemplative pursuits make us a greater and hap- 
pier people, with many more real friends in the world 
of nations than now appears to be the case? 
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“In January 1947, the Faculty of the Massachusetts Institute of Technology appointed the Com- 
mittee on Educational Survey to review the state of education at the Institute. The Committee was 
instructed to re-examine the principles of education that had served as a guide to academic policy at 
M.I.T. for almost ninety years, and to determine whether they are applicable to the conditions of a 
new era emerging from social upheaval and the disasters of war.” 

Such is the opening paragraph of the foreword in the Report of the Committee on Educational 
Survey of the Massachusetts Institute of Technology which was released for public distribution late 
in September, after two years of deliberation by the Committee itself and almost a year of further 
discussion by the Institute’s Faculty. 

Unlike Harvard's American Education in a Free Society, the current report is not a broad survey 
of the whole field of education in the United States, nor is it intended to be. As it has been to a large 
degree from the beginning, M.I.T. will continue to be a university of limited objectives and unity of 
Faculty, with its educational program polarized around science and engineering; the report is like- 
wise limited in its objectives. 

Aside from making drastic changes in the world in which we live, science and engineering, them- 
selves, are undergoing continual change and rapid expansion. It is evident that the world of 1950 
is not composed of that comparatively easygoing, complacent society which existed in 1865 when 
the Institute first offered its courses. Science and engineering have become, as never before, part and 
parcel of our everyday lives, and require — understanding and support from the average 
citizen. But it is equally true that the scientist and engineer of today must have a broadened horizon, 
considerably beyond that of their grandfathers, if they are to continue to serve society effectively. 
Thus, at the conclusion of World War II, the time was ripe for a critical re-examination of the pro- 
fessional education offered by the Institute. 

This article presents a summary of those portions of the committee’s 150-page report which dis- 
cuss the philosophy of professional education at the Institute. It is believed that this material (which, 
incidentally, leads the way in calling for better understanding of the social implications of science 
and engineering on the part of technically trained personnel) will be of particular interest to Tech- 
nology Alumni and others interested in technical education in the mid-Twentieth Century. Other 
portions of the report which have less bearing on professional training in science and engineering 
because they deal primarily with matters of internal administration, are not included here. Those 
interested may obtain the complete Report of the Committee on Educational Survey of the Massa- 
chusetts Institute of Technology for $1.25 per copy from The Technology Press, Room 14-S182, 
M.1.T., Cambridge 39, Mass.—Ed. 




















M.I.T. Educational Survey 


Full Acceptance of Institute’s Broader Educational Mission, 
in Which the Social Sciences Play Important Role, 
Approved by Faculty in Three-Year Study 


involving concepts of a university with new but new experiments in education and new exploration 

limited objectives that call for pioneering and _into the unknown involving vision and leadership of a 
leadership, is recommended in the report of a survey _ higher order, not only in engineering, but in the natu- 
recently completed by a committee of the Faculty of _ral sciences, the humanities and social sciences, as well 
M.L.T. The survey was carried out by the Committee as in architecture and city planning. The committee's 
on Educational Survey which was appointed in 1947, report discusses the educational philosophy devel- 
at the request of the Institute's president to review —_ oped at the Institute, the improvement of professional 
the state of education at M.I.T. and re-examine the _ education, a broader educational mission, sponsored 
principles of education that have guided academic __ research, and organization of the Faculty for greater 
policy at the Institute for almost 90 years. Its task over _ unity and effectiveness. 
the past two years has been to determine whether In making its recommendations the committee ex- 
these principles are applicable to the conditions of a _ presses its belief that this goal must be achieved 
new era emerging from social upheaval and the dis- _ without departing from the philosophy of limited ob- 
asters of war. jectives that has contributed to the strength of the 


FR acceptance of a broader educational mission The recommendations of the committee call for 
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Institute in the past. In its introduction to the report, 
the committee says: 

We are awake to the knowledge that our rich and pros- 

rous nation cannot withdraw into isolation. We have 
discovered that the social institutions of the United States 
are subject to forces similar to those that are molding the 
destinies of Europe and Asia. The very concepts of 
democracy, of equality of opportunity, and of leadership 
are shifting and developing in the American mind. The 
utter waste of two world wars confronts us with the neces- 
sity of considering the finite limits of our national re- 
sources. 

Even more significant, and perhaps more threatening 
to our present form of democracy, is a persistent tendency 
to growth and centralization of control in all organizations 
and institutions, industrial, financial, educational, and 
labor. There is a concerted effort to increase the efficiency 
of management and to eliminate fluctuations in economic 
and social status. 

One must at times wonder whether the price of some of 
these changes may be an ever-diminishing premium 
placed on the man who is different, on the function and 
qualities of imaginative and creative leadership. 

Democracy as we have known it for more than two 
hundred years is the fruit of leadership that rises from the 
initiative and individuality of the people. If this nation is 
to hold to a high goal, it must continue to cultivate a 
superiority of spirit and intellect. Since the war, there has 
appeared a new national consciousness of the responsibil- 
ity for providing education to all of our young men and 
women commensurate with their ability. But in broaden- 
ing the educational base, let us not stifle individuality by 
seeking uniformity; let us not fail to discern the gifted 
mind, to foster special talents, and to provide an environ- 
ment in which these may flourish. . . . 


Reviewing the problems of enormous expansion 
during World War II and an increase in the demand 
for higher education, the committee emphasizes that 
increased diversification and increasing numbers of 
students threaten the unity of Faculty and student 
body which has been one of the Institute’s greatest 
assets. It recognizes that “wider interests, wider serv- 
ice, bring about more complex administrative proce- 
dures and that these are part of the opportunities of 
added power and prestige.” 

The size of the Institute should be limited, the re- 
port suggests, by its ability to attract high-caliber 
students. While the report reaches no quantitative 
conclusion about the size of the Institute, it states that 
“in our judgment there is some evidence that the 
optimum size may already have been exceeded.” It 
believes that stabilization of student enrollment at ap- 
proximately the present or slightly lower level is de- 
sirable. The report says: 

We believe that the mission of the Institute should be 
to encourage initiative, to promote the spirit of free and 
objective inquiry, to recognize and provide opportunities 
for unusual interests and aptitudes; in short, to develop 
men as individuals who will contribute creatively to our 
society in this day when strong forces oppose all devia- 
tions from set patterns. . . . Our task, as we see it, has 
been to consider how the Institute may accomplish these 
purposes most effectively. 


Learning by Doing Is Basically Sound 
Reaffirming its faith in the basic premises of Wil- 
liam Barton Rogers, who founded M.L-T. in 1861 and 
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THE EDUCATIONAL SURVEY— 
SUCCINCTLY SUMMARIZED 


All education should prepare men for social re- 
sponsibility; all education should concern itself with 
ends as well as means, with value as well as technique. 

rs © 

The mission of the private institution is to provide 
a kind of education that cannot be obtained else- 
where, sufficiently superior to attract the exceptional 
student. 

° e . 

The mission of the Institute should be to encour- 
age initiative, to promote the spirit of free and objec- 
tive inquiry, to recognize and provide opportunities 
for unusual interests and aptitudes; in short, to de- 
velop men as individuals who will contribute creative- 
ly to our society in this day when strong forces oppose 
all deviations from set patterns. 

. « » 

The committee advocates that M.I.T.’s program be 
constructed principally for those who take a four-year 
undergraduate curriculum and then do or do not go 
further in graduate work. 

o Fs . 

The commnittee finds there are four fields of activity 
which should now be cultivated at M.I.T.: (1) Engi- 
neering; (2) Science; (3) Architecture; and (4) the 
Humanities and Social Sciences. 

© * e 

In broadening the educational base, let us not stifle 
individuality by seeking uniformity; let us not fail to 
discern the gifted mind, to foster special talents. 

os © . 

We must learn now how to incorporate research, 
sponsored by a variety of external agencies, into our 
plan in such a manner as to strengthen and sustain 
the educational program, without placing in jeopardy 
the freedom of thought and liberty of action that 
lend to academic life its very special flavor. 











a 





was its first president, the committee finds that the 
premises of his philosophy of professional education 
are still valid today. Rogers believed in the “educa- 
tional value of useful knowledge.” He believed in 
learning by doing, which is not to be confused with 
the acquisition of manual dexterity, but rather the 
means by which students learn to seek out and come 
to grips with facts. This principle, then revolutionary, 
is now commonly applied in the clinical teaching of 
medicine and in the case method in schools of law and 
business administration, as well as in science and en- 
gineering. The Institute’s founder also believed in in- 
troducing professional education at the undergraduate 
level and combining with it the basic elements of a 
liberal education. Rogers was convinced that en- 
gineering education must enable a man to participate 
effectively in what he termed “the humane culture of 
the community.” 

Undergraduate education in a technological school, 
the committee finds, has two objectives, the profes- 
sional and the general. Though convenient to make 
this distinction for discussion, it must be remembered 
that it is primarily a distinction in objective and not 
necessarily in educational methods or materials. All 
parts of the education should contribute to both ends. 
Continuing, the report states: 











William M. Rittase 


All education should prepare men for social responsibil- 
ity; all education should concern itself with ends as well 
as means, with value as well as technique. We reject the 
view that there is one particular curriculum suitable to 
prepare men to be the leaders of society, and another dis- 
tinct type suitable for specialists in techniques who are to 
be the servants of the policy makers. We believe that if the 
problems chosen for study are alive and complex, with 
social and ethical dimensions, the curriculum of the tech- 
nological school can be an excellent medium for the de- 
velopment of leaders competent to handle the urgent social 
and political problems that now confront the world. 


To provide this kind of breadth, the committee rec- 
ommends that the Faculty “adopt as a basic policy the 
principle that the primary objectives in undergradu- 
ate years are general ones of developing intellectual 
power rather than accumulation of information; and 
sensitivity to a variety of values and broad under- 
standing of nature and man rather than specific com- 
petence in a narrow field. ” To implement such a 
policy, the report recommends: 

1, That the subjects of instruction be improved by 
reducing the detailed content and by increasing the 
emphasis on fundamental principles and upon the de- 
velopment of powers of judgment and discernment. 

2. That the humanities staff be strengthened and 
that instruction in the humanities and social sciences 
be fortified by extending the time allotted to these 
subjects in the common curriculum and arrangement 
of subject sequences which will develop depth as well 
as breadth. 

8. That greater allowance be made for individual 
differences in student aptitudes and interests. 





4. That care be taken not to load the student with 
so many obligations that he has no chance for re- 
flection. 

The committee also recommends that specific ef. 
forts be made to improve the quality of undergradu- 
ate teaching by increased recognition of effective 
teachers, guidance for the younger and relatively 
inexperienced members of the teaching staff, and im- 
proving the campus environment to make it most con- 
ducive to effective teaching. 


Privately Endowed Institutions of Learning 

The problems of privately supported universities 
and colleges were studied by the committee and the 
report rehearses the dilemma confronting all institu- 
tions of higher learning which derive their principal 
support from private funds. It believes that these in- 
stitutions must not go out of business, but it recog- 
nizes that education at such institutions is likely to 
cost the student more money than elsewhere. “We 
believe,” said the report, “that the mission of the pri- 
vate institution in this era is to provide a kind of edu- 
cation that cannot be obtained elsewhere, sufficiently 
superior to attract exceptional students. We believe 
that the Institute can provide such an education . . . 
if we take advantage of the many opportunities that 
lie ahead both to improve the education that we now 
offer and to extend it into new and promising areas 
hitherto undeveloped.” 

Recalling the original concept of M.I.T. as a uni- 
versity with limited objectives, the committee en- 
dorses this principle without reservation, pointing out, 
however, that time changes emphases. It recommends 
increased emphasis in certain areas, particularly in 
science, the humanities and social sciences, but only 
when there seem to be opportunities for unique con- 
tributions. Such changes should be accomplished, the 
report suggests, less by expansion than by the wide 
curtailment of activities that have served their useful 
purpose. 


Undergraduate Curricula 

The report notes the great increase in knowledge 
now required in the engineering professions and con- 
cedes that a great many engineers must go on to gradu- 
ate work. But it also calls attention to the fact that 
the larger number will continue to be useful citizens 
and often highly successful citizens on the basis of a 
four-year undergraduate training. It rejects the sug- 
gestion frequently made that engineering undergradu- 
ate curricula should in general be increased to five or 
even six years; it also rejects the thesis that engineer- 
ing education should now follow the lines of law and 
medicine and be built by graduate work on the foun- 
dation of a general education in a liberal arts college 
or university. Each of these it admits will have benefit 
for some students but it does not accept them as gen- 
eral solutions; and it advocates that M.I.T.’s program 
be constructed principally for those who take a four- 
year undergraduate curriculum and then do or do not 
go further in a graduate school. 

The committee calls attention to a shift in interest 
from undergraduate affairs to the graduate school and 
to research. It suggests that: 
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At this juncture we ought either to reaffirm our faith in 
our kind of undergraduate education and fortify it to meet 
the needs and competition of our day, or prepare to 
abandon it in favor of a different kind of institution de- 
voted to other objectives. We have concluded . . . that 
the former alternative is clearly the better one for M.I.T. 
We reaffirm our belief in Rogers’ concept of undergradu- 
ate professional education. We recommend establishment 
of an appropriate balance by strengthening and revitaliz- 
ing undergraduate education rather than by curtailing the 
achievements of the graduate school. 


Four Fields of Interest 


The committee finds that there are four fields of ac- 
tivity which should now be cultivated by M.LT.: 


Engineering. It is essential that the modern engineer be 
able to organize and direct men. His success depends as 
much upon his understanding of human relations and his 
skill in handling men as upon his technical competence. 
Full achievement in his profession requires that he be a 
man of broad culture with a deep sense of social respon- 
sibility. 

In order to train leaders in the engineering profession 
today it is not enough, therefore, that they be taught by 
competent professional men who offer instruction of the 
highest quality. 

Science. Unlike engineering, the natural sciences are 
not motivated by immediate utility. But when science 
ranges from the abstract toward the applied, and when 
engineering shifts its focus from immediate applications 
to underlying principles, the two fields merge in a border- 
land area in which it is impossible to distinguish one from 
the other. Thus many of the great advances in engineering 
depend on the merging into it of science through this 
borderland. 

In order for science to contribute to the borderland 
area, and thus for engineering to progress as a result of 
the progress of science, it is essential that the more crea- 
tive and abstract aspects of science continually forge 
ahead in the direction of the new original, and hitherto 
unexplored. Strengthening of engineering by science is 
therefore best achieved if the environment is such that 
science can be pre-eminent in its own right. 

Engineering can contribute to science in numerous 
ways: (1) by the provision of facilities that open up new 
possibilities for exploration; (2) by directing attention to 
practical needs that may suggest the investigation of 
unexplored aspects of natural phenomena; and (3) by in- 
spiring a sense of satisfaction among scientists when prac- 
tical uses are demonstrated for the various developments 
that arise from fundamental science in its more abstract 
aspects. ... 

Architecture. Architecture as presently constituted de- 
rives much of its strength from the areas of engineering 
and science. In turn, in its close association with these 
latter areas, it affords an opportunity for engineers and 
scientists to broaden their cultural and general back- 
grounds, 

The increasing population and the growing complexity 
of such technological aspects of living as transportation 
and communication require ever greater concern with the 
planning of the environment that man creates for his work- 
ing and leisure hours. Hence, we foresee great oppor- 
tunities for the field of architecture and planning at 
M.I.T., where it can be closely associated with engineer- 
ing and science on the one hand and with the investigation 
of social and cultural problems related to science and 


technology on the other. 
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The Humanities. In urging establishment of a 
separate organizational entity for the humanities and 
social sciences, the committee suggests that the ad- 
vancement of knowledge be considered an essential 
part of the program of the school, that it assume re- 
sponsibility for planning and administering the pro- 
gram of general education as a part of the common 
curriculum and that it offer professional courses lead- 
ing to graduate as well as undergraduate degrees. The 
report says: 

A primary responsibility of the school will be produc- 
tive scholarship in fields logically related to the Institute's 
activities. 

We see great possibilities for the development within 
this school of a center for creative work in the field of so- 
cial technology and for the study of the relation between 
science and technology on the one hand, and man and his 
institutions on the other. The field need not be strictly de- 
fined. It will grow and change as have the other fields at 
the Institute. The impact of technology upon society is so 
far-reaching that every member of the staff of such a 
school can find an area within which he can contribute 
significantly to the scholarly output of M.I.T. 

The school will serve the Institute by planning and ad- 
ministering a general educational program for all M.L.T. 
students, designed to develop an awareness of the inter- 
relations of the scientific, technical, and literary cultures, 
and a sensitiveness to the diverse forces that motivate the 
thoughts and actions of people. 

This general educational program, like all components 
of M.I.T. education, will grow out of the creative work 
of the departments, and it must be an integral part of the 
professional curricula. We ask for more than a mechanical 
mixture of the conventional literary and technical cul- 
tures. We ask for an integration of general and professional 
education suitable for the M.I.T. environment. 

New courses will undoubtedly be developed in this 
school as they have in the others when the need for new 
kinds of professional education arises, when new resources 
become available, and when the creative work of the staff 
makes clear to the unified faculty the desirability of such 
expansion. 

The four-year humanities program proposed by the 
committee provides for a two-year core curriculum to 
be taken by all freshmen and sophomores followed by 
eight or nine elective sequences to be chosen by jun- 
iors and seniors. 

The core curriculum will consist of an intensive ex- 
amination of 10 or 12 key points in the development 
of Western civilization. This examination will involve 
consideration not only of the political, geographical, 
and ethnic situations at these points in history, but 
also the state of science, of philosophy, of religious be- 
lief, of ethics, of class relationships, and of art, litera- 
ture, and music. 

The core curriculum is expected to provide a gen- 
eral historical sense of the growth of Western civiliza- 
tion plus some appreciation of the main elements of 
the contemporary American heritage. It is also ex- 
pected to give the freshmen and sophomores an op- 
portunity to determine which of the various methods 
of approach to the study of a culture they would like 
to follow more intensively in their upper-class years. 

Based on this experience, juniors will be expected 
to elect a three-term sequence in one of three fields — 

(Continued on page 60) 
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Everett M. Baker: 1901-1905 


VERETT M. BAKER, Dean of Students at the Insti- 
KL tute since 1947, was killed in a tragic airplane 

crash near Cairo on August 31. He was return- 
ing from a meeting in Bombay where he had gone to 
preside over a meeting of the International Student 
Service Organization. Speaking in appreciation of him 
before a student assembly this fall, James R. Killian, 
Jr., 26, President of M.I.T., said: 


In undertaking this trip as in everything else he did, 
Dean Baker was prompted by strongly held ideals and 
hopes for international understanding and for the brother- 
hood of man. These ideals and hopes were expressions of 
his deep preoccupation with the central importance of the 
individual and with those human values which contribute 
toward making the individual a better citizen and a better 
human being. 

Here in this community we shall always remember him 
as a resolute antagonist of every activity that subordinated 
the individual to a system or that placed material values 
above human values. We shall remember him as the reso- 
lute protagonist of the students of this institution. He lost 
no opportunity to promote their welfare or to be of help 
to them. A student with a personal problem had top pri- 
ority on his time. He never hesitated to break a rule when 
the rule appeared to be in conflict with the welfare of 





M.LT. Photo 


EveERETT Moore BAKER 
Dean of Students at the Institute, 1947-1950 


a person. In fact, he was scornful of most rules because 
he felt that ideals of personal and community responsi- 
bility could always be more effective than regulations. 

He felt deeply that college, along with the home, should 
have those qualities which make it a place where the 
heart is, a place to which men and women feel that they 
belong, a place that they cherish. He felt that colleges 
should be communities where the elements of democratic 
citizenship are learned and practiced. He felt that beauty 
and dignity of physical environment are essential to an 
educational institution, that they help to make a com- 
munity or a society fee] that its activities have significance 
and permanence. He conducted a relentless campaign 
here at the Institute to beautify and to humanize our 
campus. 

In the three years he was at the Institute, Dean Baker 
built himself into the hearts of the community and M.LT. 
is a better place for his having been with us. 


Dr. Dana L. Farnsworth, Medical Director at 
M.L.T., has consented to serve as acting dean of stu- 
dents. In ministering to the health and welfare of the 
students, Dr. Farnsworth has worked closely with 
Dean Baker, whose policies he will continue in effect. 


M.I.T. to Have Auditorium 


00 late for inclusion in the July issue of The Review 
came a significant statement from Technology's 
President Killian, announcing that the Institute would 
soon add a new auditorium and chapel to its facilities. 
The new building will seat approximately 1,200 per- 
sons, and will be conveniently located on Memorial 
Drive, between Massachusetts Avenue and the re- 
cently completed undergraduate dormitory, now 
known as the Everett Moore Baker House, in recogni- 
tion of Dean Baker’s contributions to M.1.T. 
Dr. Killian made public this splendid addition to 
M.I.T.’s physical facilities in the following words: 


The generous grant of $1,500,000 from the Kresge 
Foundation provides for a major objective of the Insti- 
tute’s Development Program. One of our primary needs 
has long been an adequate auditorium for public lectures, 
concerts, religious convocations, and other important com- 
munity activities —a “meeting house” for gathering to- 
gether larger numbers of the Institute community than 
has hitherto been possible. 

The grant from the Kresge Foundation, which will also 
provide funds for endowment of the building, will enable 
the Institute to take another important step in its program 
of increasing emphasis on the humanities «and on com- 
munity activities. The chapel, a long-felt need, will enrich 
the spiritual life of M.I.T. and provide a desirable center 
for student religious groups, whose activities heretofore 
have been handicapped for lack of a suitable meeting 
place. 

Never in the history of the Institute has there been so 
strong and wide an interest in extracurricular activities 
of the type that require the facilities of a large and well- 
equipped auditorium. That the new building will be a 
great contribution to the cultural program of our students 
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is indicated by the fact that their activities now include 
three glee clubs, a symphony orchestra, a popular orches- 
tra, a concert band, a drama shop, a debating society, the 
annual musical show, and many professional activities. 

The auditorium and the small chapel, which will be 
architecturally related to it, will not only serve the educa- 
tional and religious interests of our students and Faculty, 
but will afford us the opportunity of sharing them with 
our neighbors in the community, as for example, the Popu- 
lar Science Lectures for which the Institute has never had 
a hall adequate to meet the demand for seats from sec- 
ondary school students and the public. The auditorium 
will be so designed that it will be used for multiple pur- 
poses, including public lectures. 


Going Up! 
| smNeNORge me of the Sloan Metal Processing Labo- 
ratory, designed to house a pioneering program 
of education and research in metallurgical science as 
applied to basic manufacturing processes, began the 
third week in August at M.I.T. The new building, 
provided by a gift of $1,000,000 to the Institute from 
Alfred P. Sloan, Jr., 95, chairman of the board of Gen- 
eral Motors Corporation and honorary chairman of 
the Institute’s Committee on Financing Development, 
is scheduled for completion in the fall of 1951. 

It is being built adjacent to the Guggenheim Aero- 
nautical Laboratory, at the corner of Massachusetts 
Avenue and Vassar Street on the Institute’s main 
campus, and will share its principal entrance and cer- 
tain other facilities with that building. Four stories 
(with an additional penthouse) in height, the Sloan 
Laboratory will be of contemporary exterior design 
and will be completely equipped for all major types of 
metal forming and machine-tool work. The first two 
floors of the building will, in general, be devoted to in- 
struction and research in machine-tool operations, 
with particular research emphasis on metal-cutting 
studies. On the third floor will be metalworking and 


powder metallurgy equipment and, on the fourth 
floor, a well-equipped foundry and welding labora- 
tory. Recitation rooms and lecture demonstration halls 
will be located throughout the building. 

The new laboratory will provide the first adequate 
housing for the metal processing program at the In- 
stitute, which was inaugurated in 1946 under the di- 
rection of Professor John Wulff of the Department of 
Metallurgy. It is administered jointly by the Depart- 
ments of Metallurgy, Mechanical Engineering, and 
Business and Engineering Administration. A unique 
feature of the new building now under construction 
will be a penthouse “common room” above the fourth 
floor, for the use of all students and Faculty mem- 
bers. Equipped with a complete kitchen and dining 
facilities, this room will be designed to stimulate social 
contacts among and between Faculty and students. 

“Our aim in planning for this room,” according to 
Dr. Wulff, “is to provide a social climate integrated 
with the laboratory’s professional aims. Here different 
student professional societies, as well as individual 
students, may meet alone or with faculty to discuss 
problems of mutual interest. We believe this is an es- 
sential attribute of an educational program designed 
to train engineering students for leadership in the pro- 
duction industries.” 

The Metal Processing Laboratory was created as an 
interdepartmental laboratory in recognition of the 
need for a broad basis to the metal processing indus- 
tries. “Its objective,” stated Professor Wulff, “is to 
bring the application of both metallurgical science and 
engineering design to the basic crafts of machining, 
finishing, casting, forging, welding, deep drawing, and 
related techniques of modern manufacturing.” 

Graduates, whose awareness of the technical 
phases of metal production and whose personality and 
outlook fit them to cope with human problems of pro- 
duction, such as labor relations, are particularly needed 
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Now under construction at M.I.T., the new Sloan Metal Processing Laboratory will be completely equipped for all major types of 

metal forming and machine-tool work. The building, which is scheduled for completion late in 1951, will house M.1.T.’s pioneering 

program of education and research in metallurgical science as applied to basic manufacturing processes. Its construction is made 
possible by a gift of $1,000,000 from Alfred P. Sloan, Jr., 95, chairman of the board of General Motors Corporation. 
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in industry, according to Dr. Wulff. The active partici- 
pation of the staffs of the Departments of Economics 
and Social Science, and of Business and Engineering 
Administration in the laboratory's over-all program is 
therefore particularly welcome. 

Since its inception the laboratory has been housed 
in inadequate quarters, and the steady growth of its 
activity has made the new facilities increasingly 
needed. About 1,500 students at the Institute take 
undergraduate or graduate courses within the labora- 
tory’s jurisdiction each year, and at least 30 graduate 
students are now using its facilities for thesis research. 
In addition, research project work under government 
and industrial contracts in the laboratory amounts to 
more than $150,000 annually, according to Dr. Wulff. 

The new building, of reinforced concrete frame con- 
struction, will be faced with buff brick trimmed with 
limestone. Large window areas will feature the top 
and bottom floor areas, and generous windows will be 
provided throughout. On a caisson-type foundation, 
the building will measure 52% by 244% feet. The top- 
floor location of the foundry, immediately under the 
penthouse, will simplify ventilation problems, since 
only short stacks will be needed to bring waste gases 
through the roof. Elsewhere in the building, mechan- 
ical ventilation will be used. 

Perry, Shaw and Hepburn, Kehoe and Dean of Bos- 
ton are the architects for the structure, and construc- 
tion work will be by the Platt Contracting Company 
of Cambridge. 

Tne Metal Processing Laboratory will be the sec- 
ond M.I.T. building to bear the name of Mr. Sloan. 
A gift of $225,000 in 1946 made possible enlarging the 
Sloan Laboratories for Aircraft and Automotive En- 
gines, toward which Mr. Sloan had already contrib- 
uted $100,000. His gifts to the Institute over the past 
30-year period have totaled more than $2,000,000. 


12 Receive Fulbright Awards 


Pesan sode to continue advanced study in foreign 
universities has been given to 10 students and two 
members of the Institute’s staff under Fulbright grants 
by the State Deparunent, according to Paul M. Chal- 
mers, Adviser to Foreign Students at M.I.T. 

Professor Joseph H. Keenan, ’22, of the Department 
of Mechanical Engineering, has been awarded a Ful- 
bright grant for a period of six months to serve as a 
visiting lecturer in engineering in England. Professor 
Keenan, who is chairman of the first Massachusetts 
Chapter of the Atlantic Union Committee, has ac- 
cepted the invitation of the University of Cambridge 
and the Imperial College of Science and Technology 
in London to divide his time between these two insti- 
tutions from February to August, 1951. 

Walter S. Pierce, 47, an instructor in the School of 
Architecture, plans to continue his studies at the Ecole 
Nationale Supérieure des Beaux Arts in Paris. 

The student recipients of the scholarships will study 
at the following universities in the fields indicated: 
George B. Baldwin, candidate for his doctor of phi- 
losophy degree in industrial economics, will study 
economics at the University of Durham, England; Irv- 
ing A. Breger, 47, who received a Ph.D. degree from 





e f HE 


At the dedication of the Dugald Caleb Jackson Room last June, 
Professor Gordon S. Brown, ’31, snapped the Kodachrome from 
which the above reproduction was made. Mrs. Dugald C. Jack- 
son (seated) is shown with friends of the family and representa- 
tives of the Department of Electrical Engineering. The room, 
to be used for symposia and informal conferences in the De- 
partment of Electrical Engineering, is named in honor of Pro- 
fessor Jackson, Head of that Department from 1907 to 1935, 
and until his retirement, senior partner of the firm of Jackson 
and Moreland, consulting engineers. 








M.I.T. last June in geology, will study the geochemis- 
try of coal at the Technical College, Delft, the Nether- 
lands; John W. Carr, 3d, ’49, a candidate for the de- 
gree of doctor of philosophy, will study mathematics 
at the University of Paris, France; William W. Vicinus, 
Jr., "49, who holds a renewal of last year’s grant, will 
continue his studies in chemistry at Oxford University, 
England; John H. Auten, a candidate for the Ph.D. 
degree in industrial economics, will study problems of 
economic stability in primary production areas at 
Auckland University College, University of New Zea- 
land, New Zealand. 

At Cambridge University, England, Charles E. 
Chase, Jr., ‘50, will continue studies in the field of 
physics; Arnold H. Glaser, ’42, a candidate for the de- 
gree of doctor of science in meteorology at the Insti- 
tute, will study that subject at the University of Lon- 
don, England; Peter M. Gutmann, ’50, will study eco- 
nomics at Cambridge University, England; Bruce H. 
McCormick, ‘50, will continue in the field of physics 
in England at the University of Cambridge; Lawrence 
F. Vassamillet, 47, who received his master of sci- 
ence degree in physics at M.I.T. last June, will study 
crystallography at the University of Liége, Belgium. 

By the Fulbright award, approximately 600 grants 
for study abroad are included in the program for 1950- 
1951. Funds awarded under the Fulbright Act are for- 
eign currencies realized through surplus property 
sales abroad. The prizes are currently in effect in Bel- 
gium, Luxembourg, Burma, France, Greece, Italy, the 
Netherlands, New Zealand, Norway, the Philippines, 
and the United Kingdom. Agreements have recently 
been concluded with Australia, India, Egypt, Iran, 
and Turkey. 

(Continued on page 38) 
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BUSINESS IN MOTION 





Io wer Cre agree on a vntean... 


Temper or hardness is one of the important physical 
characteristics of a metal, because it affects both 
manufacturing processes, and the service given by 
the finished product. Manufacturers are generally 
aware of this fact, and the more complicated the 
piece and the fabrication methods, the more attention 
is paid to temper and annealing. However, it is often 
the case that an apparently simple part may require 
equally thorough consideration. Such was the case 
with an electric soldering “gun,” which uses a 3¢- 
inch copper rod as the secondary 


The users of the soldering gun of course have no idea 
of the amount of testing and investigation that was 
necessary in order to make the device practical and 
advantageous for them. This is true of practically 
every product, whether it be a super-accurate labora- 
tory balance for which Revere may supply metals, 
this soldering gun, or an automobile which may con- 
tain many pounds of Revere Copper, Brass and 
Bronze to assure satisfactory operation. 

The point of this story is that Revere’s interest in 
your problems by no means ends 





of the transformer and a smaller 
rod for the tip. It is necessary for 
the rod to be sufficiently rigid, yet 
at the same time it must be soft AA 
enough so that during fabrication, — 
involving shearing, coining and 
bending, the metal will not break, 
split or crack. A certain temper of 
rod was tried, and became twisted 
during fabrication, which made it 
difficult to assemble and interfered 
in other ways with the manufac- 








U . ° 
with the receipt of an order. It may 


well precede the order, and be 
maintained through very practical 
cooperation until you, as well as 
we, are convinced that the require- 
ments of manufacture and use have 
been met to the maximum degree. 
This practice of cooperation be- 
tween suppliers and manufacturers 
is rather common throughout in- 
dustry. The paper mill and pack- 
age maker will gladly work out 








ture and use of the device. The 
cure turned out to be a slightly harder temper, hard 
enough to prevent the twist, but not hard enough to 
result in fractures during fabrication. Proper temper 
was the key to a perfect job, not only for the trans- 
former secondary, but also for the soldering tip itself, 
which likewise has to be coined, punched, and 
formed into the necessary shape. 

Says the manufacturer: “In addition to being ex- 
tremely helpful in arriving at the proper tempers, 
Revere also recommended that we specify our rod 
in multiple lengths, and thus save considerable on 
scrap. They were also helpful in solving the problem 
of attaching the brass sleeve to the secondary rod.” 


with you the best material for your 
packages, for example. If you buy chemicals, the 
chemists may come up with something better or 
cheaper for your purposes, or suggest an advanta- 
geous shift in processing. There are many different 
types of rubber and rubber-like substances, and of 
glass, wood, plastics. You cannot be expected to know 
all about everything you buy, nor is it necessary. Sim- 
ply permit your suppliers to work out with you, in 
full knowledge of your problems, the specification 
and fabrication of the material best suited for your 
needs. No matter what you make nor from whom you 
buy, the opportunity to benefit by the knowledge of 
your suppliers is always open to you. 


REVERE COPPER AND BRASS INCORPORATED 


Founded by Paul Revere in 1801 
* * * 
Executive Offices: 
230 Park Avenue, New York 17, N. Y. 








NOVEMBER, 1950 














THE INSTITUTE GAZETTE 
(Continued from page 36) 





Topgallant Appointments 


jpn Department heads, one full professor, and one 
associate professor have been named to serve the 
Institute since the last issue of The Review was pre- 
pared. Professor George C. Manning, ’20, becomes act- 
ing head of the Department of Naval Architecture 
and Marine Engineering; Colonel Charles F. Baish, ’21. 
assumes duties as professor of military science and 
tactics in charge of that Department; Egon Orowan 
comes to the Institute as a full professor on the staff 
of the Department of Mechanical Egineering; and 
Captain Horatio C. Sexton, 23, has been appointed 
associate professor of naval architecture. 

Colonel Baish, who began his assignment at M.L.T. 
on August 15 last, assumes the duties of Colonel Har- 
old R. Jackson, whose transfer to become chief of staff 
for the New England Sub-Area of the First Army was 
recently announced. 

Colonel Baish attended the Catholic University of 
America, graduated from the United States Military 
Academy in 1918, and holds the B.S. degree in Civil 
Engineering from M.I.T., awarded in 1921. He also is 
a graduate of the Army Engineer School and the Army 
Industrial College. Before his current assignment to 
M.I.T., Colonel Baish was a member of the faculty of 
the Industrial College of the Armed Forces, where he 
served as chief of the Manpower Division. During 
World War II he commanded the 42d Engineer Gen- 
eral Service Regiment and later was placed in charge 
of Army construction in the Alaska Defense Com- 
mand, with more than 10,000 civilian employees un- 
der his administration. Colonel Baish has held a num- 
ber of teaching assignments at the United States 
Military Academy and at the Engineer School, Fort 
Belvoir, Va. 

Professor Manning will assume the administrative 
duties of Vice-Admiral Edward L. Cochrane, ’20 
U.S.N. (retired), Head of the Department, who is on 
leave of absence from the Institute to serve a presi- 
dential appointment as chairman of the Federal Mar- 
itime Board and maritime administrator. 

A graduate of the U.S. Naval Academy in 1914, Pro- 
fessor Manning is a native of Washington, D.C. After 
receiving the master of science degree at the Institute 
in 1920, Professor Manning rose to the rank of lieu- 
tenant commander in the Navy Construction Corps 
and from 1933 to 1939 was inspector of naval maté- 
riel in the Boston Naval District. He joined the Insti- 
tute’s staff as lecturer in naval architecture in 1936, 
was associate professor of naval architecture from 
1938 to 1939, rejoined the Faculty as associate profes- 
sor in 1941, and became a full professor in 1944. 

Egon Orowan, one of the outstanding authorities 
in the general field of physics of metals who has made 
numerous contributions of great significance to the be- 
havior of solids under stress, accepted the appoint- 
ment of professor of mechanical engineering at the 
Institute last April. 


Dr. Orowan was born in Budapest, Hungary, in 
1902 and studied at the Technical University of Ber. 
lin-Charlottenburg, where he continued for some 
years as a teacher and research worker. He returned 
to Hungary and for some time was in charge of the 
Krypton Gas Works of the United Incandescent Lamp 
and Electric Company. This was the first plant in the 
world to produce krypton commercially from air as a 
main product. In 1937, Dr. Orowan resumed his re- 
search work on the mechanical properties of metals at 
the physics department of the University of Birming. 
ham. In 1939 he was associated with the Cavendis 
Laboratory under Sir Lawrence Bragg, where he was 
head of the metal physics group and reader in the 
physics of metals in the University of Cambridge. 

Dr. Orowan is regarded as unique in his ability to 
combine fundamental knowledge of physics and 
metallurgy with the point of view of the mechanical 
engineer. He has received many honors, including the 
Thomas Hawksley Gold Medal of the Institution of 
Mechanical Engineers in 1945, and election as a Fel- 
low of the Royal Society in 1947. 

Captain Sexton assumes the teaching duties of Cap- 
tain James M. Farrin, Jr., 34, U.S.N., Professor of 
Naval Construction, who, on leave of absence, has 
been detached from duty at the Institute and called 
to service with the staff of the U. S. Seventh Fleet in 
the Far East. 

Captain Sexton, whose last tour of duty was as su- 
pervisor of shipbuilding at the Electric Boat Com- 
pany, Groton, Conn., has held many positions during 
his naval career, including service at the U. S. Navy 
Experimental Model Basin in Washington, D.C. He 
retired from naval service on June 30, 1950. A grad- 
uate of the U. S. Naval Academy in 1920, Captain 
Sexton received the master of science degree from the 
Institute in 1923. 


In the Good Old Summertime 


_ unique educational resources of M.LT. have 
long been taxed to maximum effective utilization 
during the normal school year. Indeed, throughout the 
past decade substantial accretions of personnel and 
physical equipment have been required to fulfill the 
heavy demands placed upon the Institute by a grow- 
ing student body, as well as by industry and the gov- 
ernment. More complete use of facilities appeared to 
be possible only by extending the number of days per 
year during which M.IL.T. laboratories and classrooms, 
under the guidance of able teaching personnel, could 
be made available. 

As recorded in the November, 1949, Review, it was 
with such an objective that the new Symmer Session 
Office was inaugurated last year under the direction 
of Walter H. Gale, ’29, Associate Professor of Aeronau- 
tical Engineering. It was with the purpose of provid- 
ing unusual educational opportunities for professional 
workers during the summer months that an extensive 
program of special courses, symposia, and conferences 
was inaugurated on a large scale during the summer 
of 1950. 

(Continued on page 40) 
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New Type Computer 


Solves Problems without Arithmetic 


What will be the performance of a jet plane in 
flight when subjected to various disturbances? 
That’s a problem to tax the most brilliant 
mathematician. Yet here comes a machine... 
that does the work of a “brain cell” .. . that’s 
ready, willing and able to solve the problem, 
quickly .. . accurately. 

This newly developed “brain cell”, called 
the “Anacom”, substitutes voltages and cur- 
rents for numbers that are fed into digital- 
type computers . . . has solved 43 various 
types of engineering problems in addition to 
mathematical problems not arising directly 
from physical systems. 


you CAN BE SURE..1F irs Westinghouse 


NOVEMBER, 1950 
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In operation, the “Anacom” produces an elec- 
trical “imitation” of mechanical forces. Re- 
sulting voltages representing stress, motion 
and similar factors appear as lines on an oscil- 
loscope screen. These lines can be measured 
accurately and translated to terms of the prod- 
uct under study. 

The “Anacom” is one of the more complex 
developments of Westinghouse to facilitate 
research, product developments and quality 
control. Its development is typical of the depth 
to which Westinghouse will probe in its con- 
stant endeavor to look ahead .. . to keep 


ahead ... to live up to its promise... 


G-10099 
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TO YOUR 
PURE WATER 


Problems 


Here are highlighted the advantages of either 
distilled water or demineralized water as used in 
practically all manufacturing and processing opera- 
tions which call for Pure Water. Catalog #123 
presents an entirely new approach in solving Pure 
Water problems. Send for your copy today! 








DEMINERALIZED 
WATER 


BarnsTEap Demineralizers 
can save you money in your operations 
with high-test mineral-free water. For 
whether you need 5 gallons an hour 
or 1000, Barnstead Demineralizers 
produce water of far higher purity at 
lower cost with a minimum of main- 
tenance. Let a Barnstead Pure Water 
engineer show you how Demineralized 
water can save you money and in- 
crease productivity. Detailed recom- 
mendations will be sent without 
obligation. 














DISTILLED 
WATER 


Meany products 
and processes requiring the highest 
quality chemically pure, sterile water 
turn to Barnstead for both Laboratory 
and Industrial Stills, producing for over 
70 years absolutely sterile water of un- 
varying consistency a_ record 
bea equal in the scientific and 
industrial world. With over 100 sizes 
and models . . . there is always the 
RIGHT Barnstead Still to meet all of 
your Pure Water Requirements. 


ONLY 30 SECONDS 
to Test Water Purity 
WITH THE BARNSTEAD METER 


For Demineralized or Distilled 
Water. Indicates purity of water on 
scale calibrated 0 to 15 p.p.m. as 
NaCl impurities. Complete with cord 
and plug. Electric eye indicates cor- 
rect setting. Bulletin 119 gives com- 
plete information. 


taaoe mane ALG wd POR OFE 


arnstead 


STILL & STERILIZER CO. 
e, Forest Hills, Boston 31, Mass. 
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26 Lanesville Terrac 
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The Institute’s first summer of operation since the 
establishment of the new Summer Session Office ap. 
pears to have been quite successful from every point 
of view. Total attendance in the regular and special 
subjects, excluding conferences, increased 13 per cent 
over enrollment a year ago, and the general reaction 
of staff, students, and special guests to the Institute’s 
expanded summer program was most gratifying. Al- 
though Summer Session 1950 saw no changes in basic 
policy or procedures, it had three distinguishiny fea- 
tures: 

1. Conferences and special courses of instruction 
were arranged for advanced students in a wide variety 
of professional subjects, including courses for teach. 
ers of science in college preparatory schools; 

2. Planned programs of recreation were available 
for those following intellectual pursuits; 

3. M.LT. housing facilities adjacent to the In- 
stitute’s educational buildings were available to those 
taking part in summer courses. 

An extensive program of special courses and con- 
ferences, designed primarily for professional people, 
was superimposed on the Institute’s regular summer 
curricula. These events attracted many outstanding 
engineers and scientists to the Institute, both as stu- 
dents and as lecturers. The resulting interchange of 
ideas in which leaders in industry took active part 
benefited everyone concerned. Professional engineers 
and scientists had the use of available M.I.T. labo- 
ratories and libraries for their studies. On the other 
hand the Institute benefited through contacts with 
additional groups of leaders in industrial research. 

A second feature of Summer Session 1950 was a 
planned recreational program for our regular students 
and special summer guests. The Summer Session Of- 
fice provided information on all types of recreational 
opportunities at M.L.T. and in the Greater Boston area. 
A special assistant was appointed to help our guests 
in making plans and arrangements. ae i who partici- 
pated in summer courses took away a fuller realization 
of the Institute’s postwar expansion of athletic and 
recreational facilities. A popular lecture series was of- 
fered by the Technology Lecture Series Committee 
which brought to the Institute a number of outstand- 
ing personalities in science and the humanities. 

(Continued on page 42) 


PRECISION-GAUGED 
HAIRSPRINGS 
AND 


FINE ROLLED WIRE 


PRECISION PRODUCTS COMPANY 


WALTHAM, MASSACHUSETTS 
ROBERT |. BRADLEY, '20 
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HOW 10 GRAB A TIGERS TAIL 
— AND LIKE IT! 


_, 











ae 


A new company — Holiday Brands, Inc. — 
was launched on June 12, 1950, to make 
and sell the first crystal soluble coffee. 





Believing that the American public is 
“ ‘ always interested in a quality product, we 
EBS. initiated research in the soluble coffee field 
based on our earlier work in the low temperature dehydra- 
tion of penicillin, plasma, and other heat-sensitive materi- 
als. After two years of pilot plant operation and sales and 
market experience, we organized this new company to 
operate our process on a production scale. Today we are 
building a commercial plant for Holiday Brands, supplying 
this company with key technical personnel and transferring 
our technique and know-how. 
Starting a new company is not an easy task. We have 


done this before. We have great respect for both present 
competitors and those competitors who always develop 


National Research Corporation 


Seventy Memorial Drive, Cambridge, Massachusetts 


In the United Kingdom: BRITISH-AMERICAN RESEARCH, LTD., London S.W. 7 — Wishow, Lanarkshire 


NOVEMBER, 1950 











when a new and better product is put on the market. 

Many executives hesitate to grab a “tiger,” like the 
launching of a new venture, by the tail. 

Many times by taking such a step, however, a vital 
competitive advantage can be obtained, and only by such 
a procedure are new processes or products sometimes suc- 
cessfully exploited. 

We have had considerable experience in the launching of 
new technical enterprises, and we like ‘‘tigers,"’ the tougher 
the better. Our research and engineering departments have 
equipment, talent and 
experience to work on 
long term research proj- 
ects directed toward the 
development of new or 
improved processes or 
products. 





Industrial Research - Process Development 
High Vacuum Engineering and Equipment 


Coating - Metallurgy 
Applied Physics 


Distillation - 
Dehydration - 
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One of the most successful arrangements of the past 
summer was the housing in the New Dormitory (re- 
cently named the Everett Moore Baker House) of all 
those attending special programs. Every effort was 
made to insure the comfort and enjoyment of those 
engaged in summer study at the Institute, and by 
keeping these groups together, additional opportunity 
was afforded for informal discussions which were a 
valuable adjunct to the formal program. 

There were seven conferences and symposia held 
at the Institute between the close of the spring term 
and the fall registration day. During June, experts 
gathered to discuss problems and developments con- 
nected with the fatigue and fracture of metals, indus- 
trial wastes, and the mechanical properties of plastics. 
In August, a course symposium on the subject of space 
heating with solar energy was of considerable interest 
to the architectural and engineering professions. In 
September, in addition to the annual fall conference 
on city and regional planning, there was a timely 
meeting of experts in the many fields of planning and 
operation associated with the Ground Facilities for 
Air Transportation, and a short conference on nodu- 
lar iron. In addition, there were nine special courses 
arranged for professional people, which provided a 
unique opportunity for outsiders to be brought up to 


ae 


date on developments in their chosen fields, through 
facilities available at M.I.T. 

Most of these programs were designed to appeal to 
research personnel in industry and therefore touched 
the outposts of knowledge in their particular fields, 
The Science Teachers’ Program, inaugurated in the 
summer of 1949, had the completely different objective 
of improving instruction in science at the precollege 
level. The 50 science teachers who took advan. 
tage of the course under a grant of the Westinghouse 
Educational Foundation came from preparatory 
schools in 31 states. Approximately 10 women were in- 
cluded in this group normally engaged in teaching 
high-school physics, chemistry, or biology. Their six 
weeks’ stay at the Institute enabled them to become 
acquainted with present progress in the forefront of 
science, and to study and discuss the most effective 
ways of presenting science topics to boys and girls of 
high school age. 

Plans are already under way for Summer Session 
1951, in which it is hoped the special programs will 
play an increasingly important part. Developments 
on the international scene may, of course, impose 
overriding responsibilities on the Institute, but these 
very developments make a close liaison between in- 
dustry and institutions of higher education more 
desirable than ever. Certainly the valuable experi- 
ence of the past summer gives every reason for con- 
tinuing a program of mutual benefit to industry and 
to M.LT. 

(Continued on page 44) 
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What GENERAL ELECTRIC People Are Saying 


G. B. WARREN 
Apparatus Department 


Gas Tursines: For the first time 
in industrial history gas turbines, a 
new type of power plant adaptable 
to land, rail, or marine use, have 
gone into full-scale production. 
Orders for more than 20 of the new 
power plants have already been re- 
ceived by General Electric, for use 
in power generation and for gas- 
pipeline pumping stations. 

While it is still too early to pre- 
dict the full potentials of this new 
power plant, we foresee the in- 
creased use of direct fuel-burning 
power plants like the gas turbine to 
help meet the country’s expanding 
needs for electric power. Two units. 
in particular, with ratings of 3500 
and 5000 kilowatts, have unique 
advantages: 

(1) They are comparatively small 
and compact, (2) they can be started 
quickly and require minimum at- 
tendanece, (3) the smaller unit can 
be made portable and therefore is 
well suited for emergency use, (4) 
both types can be moved easily 
from the original location to meet 
changing power needs, (5) they need 
little or no water. and therefore have 
special potentialities, particularly in 
the Southwest. where low-cost gas 
is available and water is scarce. 

Three General Electric gas tur- 
bines are already in use. Of these. 
the first unit to be used in this coun- 
try for electric power generation has 
been in regular service more than a 
vear for the Oklahoma Gas & Elec- 
tric Company in Oklahoma City. A 
second was put into service last 
April by a New England power com- 
pany. Another powers a develop- 
mental locomotive built at the Com- 
pany’s Erie Works and now under- 
going tests in regular service by the 
Union Pacific Railroad. 

Schenectady, New York 
August 15, 1950 


* 
BERNARD VONNEGUT 
Research Laboratory 


RatNMAKING: Legislators in the 
future may well face many problems 
connected with cloud seeding. Laws 
may be necessary to prohibit and 


police seeding operations contrary 
to the best interests of the public. 
Licensing of seeding operators and 
permits for seeding may be desirable 
in the future. 

The extent to which new laws 
may be necessary to control cloud 
seeding depends largely on to what 
extent these groups now conducting 
these operations meet their re- 
sponsibility to the public. Those 
scientists engaged in research in this 
field must keep the public and their 
legislators informed and must exer- 
cise every caution to be sure that 
at no time do they run the risk of 
aiding a few people at the expense 
of many. 


New England Assn. of Chemistry 
Teachers: Storrs. Connecticut 
fugust 25. 1950 


* 
C. L. SCHUCK 


Apparatus Department 


Power Fuses: A need exists for 
low-voltage fuses having much 
higher short-circuit interrupting ca- 
pacity than that of cartridge fuses 
commonly used. 

Cartridge fuses for circuits of 600 
volts and less have been used in the 
United States for many years, prin- 
cipally in low-burden branch cir- 
cuits where available fault currents 
were relatively low. They are pro- 
duced by numerous manufacturers. 
and practically all makes satisfy the 
National Electrical Code through 
compliance with the “Standard for 
Fuses” of Underwriters’ Labora- 
tories, Ine. 

In the matter of short-circuit 
interrupting ability. the “Standard 
for Fuses” includes a d-c test with 
10,000 amp available, the rate of 
rise of the L. L. New York City 
testing circuit being approximately 
2,000,000 amp per sec. While most 
applications of cartridge fuses are 
on a-c circuits, this d-c short-circuit 


test is, even today, the only criterion 
in use for determining the accept- 
ability of fuses for application on 
either a-c or d-c circuits. 

However. no direct inference is 
valid concerning the a-c short-cir- 
cuit interrupting ability of a fuse 
which has passed this particular test 
... Conversely, the a-c short-circuit 
interrupting ability demonstrated 
for a fuse is not a reliable indication 
of its ability to interrupt a d-c 
short circuit ... 

The need . . . now can be satisfied 
with specially designed fuses of the 
current-limiting type. A line of such 
fuses has been developed, satisfying 
in every respect the “Standard for 
Fuses” of the Underwriters’ Labora- 
tories, Inc. ... 


General Electric Review 
July, 1950 


* 


J. P. DITCHMAN 
Lamp Department 


Piant Licut: The farmer may now 
control conditions favorable to the 
growth of plants and animals. 
Among the farmer's latest imple- 
ments and agents are new man-made 
“suns” designed to produce visible 
radiation, ultraviolet, and infrared 
radiant energy. These artificial suns 
may be teamed up with natural 
daylight or may be used entirely 
independent of natural conditions. 
Thus plants may be grown success- 
fully underground in a completely 
artificial environment of light, hu- 
midity, temperature, and air... Our 
world may in the future depend very 
much upon how well we learn to 
apply radiant energy to produce more 
and better food and to reduce the 
life processes which oppose our own. 


Illuminating Engineering Society 
Pasadena, California 
August 21, 1950 
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INDUSTRIAL UNIVERSAL JOINTS 


CURTIS’ new sales policy is primarily designed to 
Save you money, and it gives you faster, more 
efficient service, too. 


IMMEDIATE DELIVERY 


We carry large stocks of standard Curtis Universal 
Joints in 14 sizes, both solid and bored. Check our 
catalogue for stock number, size, load data and 
price to facilitate delivery of your order. 





Special industrial universal joints, made to your 
specifications, can also be delivered within a mini- 
mum time. Just send us your prints, together with 
torque, speed and angle of operation — we'll do 
the rest. 
BUY DIRECT FROM CURTIS! Write Dept. B-5 
Sole makers of Curtis Joints 


Look for our registered trademark ¢ on every joint you buy. 


CURTIS UNIVERSAL 


JOINT CO. INC. 











(Continued from page 42) 
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Projects Industrial and Governmental 


& 
je Visiting Committee on the Division of Indus. 
trial Codperation® held meetings at the Institute on 
January 20 and 21, 1950, with all members present. On 
January 20, the Committee met with President Kil- 
lian, Thomas K. Sherwood, ’24, Dean of Engineering, 
George R. Harrison, Dean of Science, Nathaniel McL, 
Sage, 13, Director of the Division, and the other Di- 
vision administrative officers, heard a discussion of the 
work of the Alumni Placement Bureau, and devoted 
the rest of the day to an inspection of some of the more 
important D.I.C. projects. Included among the pro- 
jects visited were the ultrahigh-speed electronic digi- 
tal computer in the Servomechanisms Laboratory, 
the Instrumentation Laboratory, the Sloan Labora- 
tories for Aircraft and Automotive Engines, the syn- 
chrotron, the supersonic wind tunnel, the flight simu- 
lator, the Acoustics Laboratory, the Research Labora- 
tory of Electronics, and, completing the tour, the 
weather radar project. 

On the following morning, statistical and financial 
reports of the work of the Division were reviewed and 
various problems were presented to the Committee for 
discussion. The Committee was greatly impressed by 
the scope and nature of the research projects of the 
D.I.C. and with the outstanding caliber and enthusi- 
asm of the D.I.C. personnel. The estimated total vol- 
ume of the 192 research projects being handled by 
the Division in the fiscal year 1950 is $12,750,000, 
which should yield the Institute about $2,550,000 in 
applied overhead, in addition to contributing approx- 
imately $1,250,000 toward the salaries of members of 
the Institute’s academic staff. Some 1,879 employees 
are involved in carrying on this work, 538 of whom 
are enrolled as full-time members of the D.L.C. staff at 
the Institute. 

The Committee reaffirmed the present Institute 
policy of charging overhead on industrial- and gov- 
ernment-sponsored research projects. This policy pro- 
vides for charging the full amount of M.I.T. overhead 

(Continued on page 46) 

* Members of this Committee for 1949-1950 were: Beau- 
champ E. Smith, chairman, Franklin H. Wells, 18, John W. 
Crowley, Jr., 20, Edward S. Farrow, ’20, Thomas H. West, 3d, 
’22, Isaac Harter, and Irvin Stewart. 








J. C. CORRIGAN CO., INC. 


Conveyers .: 


Engineers * Manufacturers + Erectors 
Coal Handling Systems 
Materials Handling Equipment 
Portable Conveyors 


Distributors for 


Jeffrey Manufacturing Co. 
Jeffrey Parts Carried in Boston Stock 


41 Norwood Street, Boston 22, Mass. 
Tel. GEneva 6-0800 
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CEG hae a el er eae © ech s bee een ecm meee BURNING AND RELATED EQUIPMENT 


HELPED TO BRING 
YOU A BETTER BOILER 


The conversion of pine to paper leaves a 
liquid residue called “black liquor” 
containing chemicals worth millions of dollars 
annually to the pulp and paper industry. 

For years the recovery of these chemicals 
involved a process that was laborious, 
inefficient and dangerous. 


To meet this problem Combustion 
Engineering-Superheater in the late 30’s 
developed the C-E Recovery Unit in 
which black liquor is burned in a furnace 
where it not only releases its valuable 
chemicals but in addition generates huge 
quantities of steam for power and 

process. So successful was this development 
that today C-E Recovery Units are used 
by leading paper companies in pulp 
producing areas throughout the world. 


This contribution to the paper industry is 
another example of Combustion’s diversified 
backlog of steam generating and fuel 

burning experience—covering more than 65 
years of designing and building boilers 

of all types and sizes for industrial and utility 
plants. The application of this extensive 
experience is reflected in the highly 

efficient performance and low operating 
cost so generally associated with boilers 

that bear the C-E nameplate. 


Combustion’s applied experience—focused 
on your needs—is freely available. 

A letter stating your problem will receive 

our immediate attention. B-404 





COMBUSTION ENGINEERING - 
SUPERHEATER, INC. 


200 Madison Avenue * New York 16, N. Y. 








Trylon masts permit easy 
antenna instellation or 
subsequent adjustment. 


Practically any TV an- 
tenna can be mounted on 
the Trylon. 








Yair erected for heights of 
10, 20, 30, 40, 50 and 60 ft. 


yr of galvanized steel 


rods—no flat surfaces to 
catch wind or ice. 


| supports double welded. 
Safe to climb—built to last. 


Get the antenna up in the air— 
and watch the big improvement 
in television reception! Blurred 
and weak images are corrected. 
Costly tubes don’t have to be run 
at full power to assure any re- 
ception at all! 

Trylon Antenna Masts bring 
big tower reliability in a small 
triangular shaped steel rod unit 
only 6'2” wide on each side and 
weighing only 20 Ibs. for a com- 
plete 10-foot section. They can 
be installed quickly at modest 
cost, either on the ground or on 
a roof. Write for folder ‘M.” 


WIND TURBINE CO. 


266 E. Market St. West Chester, Pa. 


Specialists in mast, towers 


and line supports for 18 years. 


sired type. 


TRYLOW N= 


TOWERS and MASTS 
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against industrial projects, and a negotiated charge, 
currently amounting to about 42 per cent of the Insti- 
tute’s overhead, against government projects. 

The Committee is concerned by the possibility that 
the Institute may be approached to undertake mana- 
gerial responsibilities of government research projects 
away from the Cambridge area, and recommends that 
the Administration exercise extreme caution in con- 
sidering such proposals. 

The Committee reviewed the sponsorship of re- 
search projects in the Division and learned, with some 
concern, that 96 per cent of the work is sponsored by 
United States governmental agencies. In the opinion 
of the Committee, every effort should be made to en- 
courage industrial-sponsored projects so as to increase 
the proportion of private to Federal research in the 
Division. 

The Committee is impressed with the work of the 
Alumni Placement Bureau and reaffirms the desirabil- 
ity of continuing the operation of this bureau, which 
seems to be unique among educational institutions. As 
an aid to the bureau’s effectiveness, the Commit- 
tee recommends that a sample analysis of alumni rec- 
ords be made to ascertain the accuracy of the present 
records and the best methods to be pursued in obtain- 
ing the most effective use of such records for the bene- 
fit of the Alumni. 


For Enduring Sustenance 


i spite of the high quality of many packaged and 
nationally distributed foodstuffs, certain foods still 
leave a great deal to be desired in their retention, for 
the consumer, of the original nutritional, flavor, and 
appeal values. Present and potential processing meth- 
ods of the industry are as varied and as amenable to 
improved technology as has been true in the petro- 
leum industry, in which such great strides have been 
made. These topics opened the discussions of the Vis- 
iting Committee on the Department of Food Techno- 
logy® during its meeting at the Institute on February 
(Concluded on page 48) 

® Members of this Committee for 1949-1950 were: Raymond 
Stevens, "17, chairman, Rudolf F. Haffenreffer, "95, James Mc- 
Gowan, Jr., 08, Philip K. Bates, 24, Robert K. Phelan, 30, 
Charles N. Frey, and F. N. Peters. 








LEONARD CONSTRUCTION COMPANY 


Engineers and Contractors 
SINCE 1905 


IN THE AMERICAS AND FAR EAST 


37 South Wabash Ave. 
Chicago 








THE TECHNOLOGY REVIEW 





is-C] 
usec 
10 ge 
ds o 
rated 
icatio 
fe Mi 
rmee 


EW machines, new methods and advancements 

in equipment engineering help industry in- 
ase production and lower costs. Here are new 
lopments, recent installations by Allis-Chalmers 
the crushing, cement and mining industries — 
tric power — food processing. They illustrate 
rbreadth of this company’s service to all industry. 
re are few products for American good living 
pt are not processed at some point with the aid of 
chinery built by Allis-Chalmers. 


MOTE CONTROL 

PERATES HYDRO PLANT 
is-Chalmers d-c positioner equipment 
used on ships is finding new uses. A 
10 generating station in the west now 
ds only watchmen, It is completely 
rated by remote control. Telemetered 
ations at the master control panel 
¢ miles away keep operating personnel 
med on conditions. 
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ONE OF LARGEST EVER BUILT 

End shell of 100,000 sq ft condenser shown is one of two such con- 
densers built by Allis-Chalmers for a midwest utility. Unusual oval 
shape of condenser saves building construction cost by making it possible 
to keep the distance between basement floor and turbine to a minimum. 


NEW ALL METAL SIFTER 

This gyratory sifter is rebolting flour before it enters dough mixer. All 
metal construction makes sifters like this useful in the chemical, as well 
as the food industry. High temperature materials can be sifted, and clean- 
ing is simple — because the entire unit can be washed easily and safely. 


ALLIS-CHALMERS - 


A-3083 


Write for a free copy of the big illustrated 
ALLIs-CHALMERS ANNUAL Review for 1949. 
Address Attis-CHALMERS, 786 S. 70th St., AC’ 


Milwaukee, Wisconsin. 
CHALAERS, 
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6, 1950. The Committee believes that the reasons for 
the establishment of the Department of Food Techno- 
logy at M.L.T. are as valid today as they were when 
the Department was organized in 1945, that organ- 
ized and centralized research and instruction in food 
technology should continue, and that the Department 
should now be established on a continuing basis com- 
parable with that of other departments. 

The Department was established, and has con- 
tinued, to operate principally from the financial sup- 
port from industry and foundation funds outside the 
Institute budget. In this respect it is unique among 
the Institute’s recognized departments. The extent to 
which this high degree of financial support can be con- 
tinued is not known, but it is reasonable to expect that 
at least a portion may be removed. The Committee’s 
recommendation would be unchanged even should 
no outside support be forthcoming. 

During its five years of operation, the Department 
has been seriously handicapped through the need to 
work in temporary quarters that have been crowded, 
hazardous, and, to say the least, unattractive. The 
splendid gift by the Campbell Soup Company in 
memory of John Thompson Dorrance, ’95, is expected 
to remedy this condition and to give support that will 
contribute both directly and indirectly to its improve- 


ment. The Committee believes that the Department 
will be strengthened by close association with the De. 
partment of Biology in the same building when the 
John Thompson Dorrance Laboratory is completed. It 
believes, however, that if biologists or biochemists are 
added to the Institute staff, they should be associated 
with one of the science departments, rather than with 
the Department of Food Technology. 

Members of the Committee would be pleased to see 
an extension of the present increased emphasis on bio- 
chemical engineering, and suggest consideration of 
biochemical engineering as a third section of the De- 
partment with a status comparable with the present 
food technology and nutritional chemistry groups.t 
Such a section would be concerned with the biochem- 
ical engineering incidental to dealing with sensitive 
materials in the packing, baking, and biochemical in- 
dustries, generally. 

The Committee is most appreciative of the CO-op- 
eration given it by the members of the Department 
and for the participation in the Committee’s delibera- 
tions by Karl T. Compton, chairman of the Corpora- 
tion, President Killian, and George R. Harrison, Dean 
of Science. The assistance given the Committee by 
Charles G. King, Scientific Director of the Nutrition 
Foundation, Inc., whose knowledge and experience in 
the field were of particular value to the Committee, is 
also gratefully acknowledged as this report is sub- 
mitted for publication in The Review. 


t A course in biochemical engineering has been inaugurated 
this fall at M.I.T. 
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Economy Non-Clogging 
Sewage Pump 





on Economy Pumps. 


Centrifugal, axial, and mixed flow 
pumps for all applications. 

For complete details on any Econ- 
omy Pump, write Dept. M-3 


Please specify type ame in 
which you are intereste 








Economy Axial 
Flow Pump 


Economy 
Pumps, Inc. 


Division of Hamilton-Thomas Corp. 
HAMILTON, OHIO 


yams 






Economy PUMPING makes sound 
sense to engineers who know the dol- 
lars and cents value of trouble-free 
pumping service. To pump longer, at 
lower cost, with less maintenance, rely 


Klipfel cacdialde design 
, dependable regulation. © 
“Complete line includes pressure “1 
valves, thermostatic valves, back pressu: 
: ‘rebef: valves and pump gover eee i: : 


See pn details on any Klipfel : 
Valve, write Dept. M.3 ; 
Please specify type valve in which }~ 
i you are interested. 3 


MANUFACTURING COMPANY | 


DIVISION OF HAMILTON-THOMAS corr. ° 
HAMILTON, OHIO cae ORS Ae en 
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Economy Double 
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“CHARACTERISTICALLY” SUPERB! 


Compare the characteristics of the new HRO-50 and 


see why, once again, the HRO sets the standard of receiver 


performance! You'll appreciate the convenience of the new 


HRO-50, too — the new edge-lighted, direct reading dial and 


the insulated, heavy-duty, built-in power supply. For 


thrilling performance, be sure to see and try the new HRO-50 


— the receiver of the year! 





1914 


NATIONAL COMPANY, Inc. 


MALDEN, MASSACHUSETTS 





NOVEMBER, 1950 





SUMMARY 


Freq. Range: 
Tube Complement: 


Power Output: 


Sensitivity: 
Selectivity: 


Drift: 
Calibration: 
Shipping Weight: 
Dimensions: 
Price: 
Accessories: 
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OF CHARACTERISTICS 


50-430 kc., 480 ke. — 35 me. 

6BA6, Ist r.f.; 6BA6, 2nd r.f.; 6BE6, mixer; 
6C4 hf. oscillator; 6K7, Ist i.f.; 6K7, 2nd i.f.; 
6H6 det. & a.v.c.; 6H6, a.n.1.; 6SJ7, Ist audio; 
6SN7, phase splitter and S-meter amp.; 

6V6 (2) p.p. audio; 5V4G, rect.; 657, b.f.o.; 
OBZ, volt. reg. Accessories: Crystal Calibrator, 
6AQ5; NFM Adaptor, 6SK7, i.f. amp., 6H6, 
ratio det.; Select-o-ject, 12AT7 (2). 

8 watts undistorted, push-pull amplifier 
fidelity + 1 db 50-15,000 cycles. 

1 microvolt or better at 6 db sig./noise. 
Variable from 15 kc. overall to about 400 
cycles at 40 db. 

Negligible after warm-up. 

Direct frequency reading. 

100 Ibs. incl. spkr. and 4 coils. 

161,” deep x 193%” wide x 101” high. 
$335.00 (less speaker). 

100/ 1000 ke. calibrator, $19.95; 

NFM adaptor $16.95; SOJ-2, $24.95. 









DO YOU HAVE A PROBLEM 





We manufacture 


WE 
WHICH hundreds of 





CAN SOLVE ie kinds of braided 
; Braided cotton cord in 
with One of Our all colors and 








sizes up to one 
inch diameter — 
plus many kinds 
of plastic cords. 

Our solid braided cord is highly resistant to wear 
when running over pulleys or when subjected to abra- 
sion. It is easier to handle than twisted cord, because 
it is smooth, will not kink, and is easy to tie and untie. 
The ends will not unravel. 

In addition to the usual kinds of solid braided and 
hollow braided cotton cord, we make specialties, 
such as wire centre cord, waterproofed cord, special 
hard or soft cord, cord made of other fibres such as 
nylon, rayon, etc. and other items in this general field. 





or Plastic Cords? 


@ If YOU HAVE A PROBLEM WHICH MIGHT 
BE SOLVED BY SOMETHING IN OUR LINE 
++ WRITE, WIRE, OR TELEPHONE 


Sameoon 


CORDAGE WORKS 
BOSTON, MASS. 





Reg. U. S. Pat. Off. 








SIMPLEX-ANHYDROPRENE CABLES 


@ Lightweight, small-diameter cables that promise low- 
cost, trouble-free service as underground primaries and 
secondaries, as transformer leads and pole line risers, 
in signal and control circuits, and when used for plant 
and shop and instrument wiring. 

Consist only of a coated copper conductor, Anhydrex 
insulation, and a thin neoprene jacket. 

Anhydrex insulation assures high dielectric strength 
and exceptional stability in wet locations. The neoprene 
jacket provides protection against rough handling, oil, 
grease, corrosive chemicals, light, heat and flame. 

Get detailed information plus specification data by 
writing today for Bulletin 115. 


SIMPLEX WIRE & CABLE CO. 
79 Sidney St., Cambridge 39, Mass. 
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by means of contacts at the top of the bus which con- 
nect with feeders attached to the stop signs. If the stops 
for such partial recharging are 3,000 feet apart, the 
time required to bring the wheel to its original speed 
of 3,000 revolutions per minute would be but 15 sec- 
onds, whereas half a minute is required if the stops are 
6,000 feet apart. It can easily be seen that the recharg- 
ing times are short enough to enable the flywheel to 
operate at maximum energy by recharging en route, 
during the time the bus is stationary for taking on or 
letting off passengers. 

Auxiliary power requirements, such as those for il- 
lumination, opening the doors, and braking (the lat- 
ter two operated hydraulically) are satisfied in the ex- 
perimental model by a storage battery which is 
recharged simultaneously when the bus makes con- 
tact for recharging the flywheel. It would, of course, be 
possible to combine this stored-energy system with 
the established one of the trolley bus. In this case the 
flywheel would enable the vehicle to continue its run 
beyond the end points of the existing trolley lines, or 
to bridge gaps between trolley lines in cities at such 
points where overhead wires may not be advisable for 
one reason or another. 


Dynamic Equipment Policy 


Vex few of the several hundred books published 

each year in the field of business administration or 
economics make a significant step forward. The busi- 
ness administration publishing field, in particular, is 
noted for its colorful rebottlings rather than for its gen- 
uinely new or superior products. One of the few signif- 
icant books to appear is Dynamic Equipment Policy 
by George W. Terborgh (New York: McGraw-Hill 
Book Company, Inc., 290 pages. $3.75. 1949). Dy- 
namic Equipment Policy is an important book not only 
because of its several very practical implications 
which may in time considerably affect the thinking of 
many engineers and executives, but because it devel- 
ops a new and perhaps better tool for the theoretical 
analysis of decisions concerning capital equipment 
selection. 


(Continued on page 52) 























We wish to acquire patent rights on electrical compo- 
nents, instruments, or accessories used in the following fields: 


LICENSING ARRANGEMENTS WANTED |) 


RADIO, RADAR, OR TELEVISION. TELEPHONE, 
TELEGRAPH, TELETYPE, OR SOUND | 

ON FILM. PUBLIC UTILITIES. AIRCRAFT. 

Our preference is for items that have limited rather than 

mass markets. We have a particular interest in switches and | 
relays, also in telephone parts and accessories. 


All replies to be held confidential. Please write to Box G 
Technology Review. SA-3 
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The ADL Electromagnet is a ready-to-use device suitable 
for virtually all experiments involving magnetism, in fields 
of research such as physics, bio-physics, chemistry and 
metallurgy. The ADL Electromagnet is manufactured by 





ae ut fi ‘ 


eS Arthur D. Little. Inc., and was developed in cooperation 
Field Ai ‘ " ag? 
= Strength Pole Face Sap 0 Pawer with Prof. Francis Bitter of the Massachusetts Institute of 
|| 35,000 gauss 5% in. dia. 2in. 125 KW leay 
y ‘ echnology. 
30,000 gauss 5%, in. dia. 2 in. 50 KW Tech 8! 
en eel ge _- son Full technical information is available on request. 


14,000 gauss 11 in. dia. 3 in. 18 KW 


pm AS AAC AOI RE ATARI 
ARTHUR D.LITTLE.INCL. 


CAMBRIDGE. MASSACHUSETTS 


RESEARCH ¢ ENGINEERING ¢ TECHNICAL ECONOMICS ¢ ADVANCED EQUIPMENT 
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GAS... LIQUID. . . SOLID (Dry Ice) 


THE LIQUID CARBONIC CORPORATION 
3100 South Kedzie Avenue, Chicago 23, Illinois 





U. Ss. A. 


28 Producing Plants 
More than 50 Distributing Points 


CANADA 


Halifax to Vancouver 


OVERSEAS 


England, Cuba, Mexico, Venezuela, 
Colombia, Trinidad, Brazil 






















ONE OF MANY 


COMPLETE UNITS FOR 
THE ROPE, TWINE & ALLIED INDUSTRIES 


A 6-flyer twister, wetting tank and side-delivery creel 
with automatic stop-motion. + Haskell-Dawes manu- 
factures a varied line of standard ropers, laying and 
cabling machines, twisters and formers that solve most 
twisting and similar problems. We also invite in- 
quiries regarding specially engineered and built 
equipment for specific problems. Our eighty 
years’ experience is at your service. Write 

today to Dept. T-4 for technical bulletins. 


MACHINE COMPANY, Inc. 


2231 E. Ontario Street, PHILADELPHIA 34, PA. 

















THE TREND OF AFFAIRS 
(Continued from page 50) 





Traditionally, we have come to think of the field of 
new equipment analysis and replacement studies as 
a matter of taking the “proper” attitude toward sunk 
costs and developing what are commonly known as 
opportunity costs. Various formulas have been devel- 
oped for analyzing equipment replacement situations, 
of which the respectable ones vary principally in 
the manner and the degree of nicety with which they 
consider interest rates, present values of future worth, 
and salvage value as a deduction from the cost of a 
proposed capital addition. Dynamic Equipment Pol- 
icy uses this thinking as a foundation, and develops a 
theory of machine use which springs from a funda- 
mentally different analysis of the nature of machinery 
choice and replacement. 

If machines cost nothing, the author argues, enlight- 
ened entrepreneurs would always use the most re- 
cent and most effective machine available. Because 
machines also involve a capital cost, the problem of 
the replacement analyst is to discover what machine 
or succession of machines will produce the lowest 
combination of capital cost and cost of using other 
than the most recent and best machine. This is mark- 
edly at variance with the concept of computing an- 
nual savings from the use of a new machine, for in- 
stance, for the author contends that there can be no 
genuine savings in the use of a new machine, only a 
reduction in costs. The author calls this the theory of 
top-down measurement, and it will at once be familiar 
to all readers as the difference between the thinking 
of the wife who “saves” $500 by buying a $3,000 
coat for $2,500 and the thinking of the husband who 
merely knows that the cost of $2,500 was less than the 
supposed $3,000 cost, but who, for the life of him, can- 
not see a saving of $500. The concept is worth while in 
that it keeps attention constantly focused upon the 
cost of using a method which is inferior to the best 
method. 

Since new machines will come along the next year 
or the year after, and since machines do wear out and 
cost more to maintain as they grow older, the prob- 
lem of the equipment analyst becomes one of project- 
ing the rate at which a proposed machine will develop 
operational inferiority. The author develops, largely 
by the exclusion process, the theory that inferiority in 
operation is likely to occur upon a straight-line basis, 
which, of course, can be expressed in terms of a gradi- 
ent. The use of a straight-line gradient assumption in 
projecting the future operational inferioxity of ma- 
chine A as contrasted to the inferiority to be devel- 
oped by machine B permits the use of a short-cut 
formula for adding up capital costs and inferiority 
costs, which makes the use of this type of analysis no 
more cumbersome than other commonly used for- 
mulas in actual situations. 

There are several interesting things about this ap- 
proach which are of significance to both the practical 


(Continued on page 54) 
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".+the best darn 
building in New York” 


On the way to the dedication 
of the new Parke-Bernet 
Galleries a_taxi-driver told 
William A. Delano, president 
of the Municipal Art Commis- 
sion: “That’s the best darn 
building in New York.” 

Said Mr. Delano: “If that be 
the judgment of a taxi-driver, I 
am sure it will make even 
stronger appeal to that de- 
creasing number of our citi- 
zens who do not drive taxis.”* 


The new Parke-Bernet Galler- 
ies Building, where world- 
famous collections of art reach 
the auction block, is proof that 
distinction in commercial 
building pays. It is outstand- 
ing in every detail — from the 
modern classical design of 
Architects Walker & Poor to 
the heating and mechanical 
equipment designed by Con- 
sulting Engineers Syska & 
Hennessy. 

Heating of the 4-story, block- 


*As quoted in “Journal of the American 
Institute of Architects,” January 1950. 


NOVEMBER, 1950 





Parke-Bernet Galleries Building, 76th St. and Madison Ave., New York. 


Owner: City Investing Co. Architects: Walker & Poor. Consulting Engineers: 
Syska & Hennessy. Heating Contractor: Jarcho Bros., Inc. Architects for 


Interior: Eugene Schoen & Sons. 


long building is by low-pres- 
sure steam . A Webster 
Moderator System of Steam 
Heating provides the tempera- 
tures desired automatically. 
Webster Supply Valves and 
Traps on radiators and convec- 
tors, Webster Drip Traps and 
Webster-Nesbitt Unit Heaters 
assure efficient heating. 


Find out why modern steam 
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heating under Webster Moder- 
ator Control is first choice for 
heating today’s new buildings. 
Address Dept. TR-11 
WARREN WEBSTER & CO. 


Camden 5, N.J. Representatives in Principal Cities 
In Canada, Darling Brothers, Limited, Montreal 
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Put that Second Pump to Work! 





i 
A 2-PUMP RF-2 ROTO-TROL with a built-in al- 
ternator will operate each pump on alternate 


starting cycles and will operate both pumps 
if the demand requires. 


This Roto-Trol is furnished in a Cast Iron cabinet. 
It is float operated through stainless steel] tape. 
Also available in from two to eight circuits for 
sequence control. 


DEPTH INDICATOR IS 
OPTIONAL — EXTRA 


Write for full Data 


Water Level Controls Division of 


Healy - Ruff Compan y 


711 HAMPDEN AVE., ST. PAUL 4, MINN. 
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equipment user and to the theorist: First, is the use of 
a straight-line gradient of inferiority actually justified 
in many industrial and capital goods situations? The 
author suggests that one might shade the results of the 
study in cases where a radical change in the state of 
the art may be foreseen. There seems to be no inherent 
reason, however, why a curved rate of inferiority ac- 
cumulation might not be used, although this would 
make the analysis more cumbersome. Se noni. is it fair 
always to use the lowest available combination of 
capital costs and operating inferiority which may be 
projected for a given machine as the standard of com- 
parison, or should two machines be compared over 
equal service lives — or at least over lives of planned 
lengths? It is possible in an analysis of this type to 
compare costs on the basis of different service lives, 
which does not seem entirely fair. Third, is it proper to 
use a short-cut route which does not demonstrate the 
period in which the capital outlay will be returned? 
This is the financial consideration involved in machin- 
ery selection rather than the engineering one. Many 
equipment analysts prefer to use a year-by-year, 
cash-in-and-out-of-the-bank analysis principally be- 
cause it focuses attention upon the recovery of the 
capital outlay. 

The author supplies answers to all these questions 
but they will need more than blanket acceptance by 
practitioners of equipment selection and can certainly 
bear considerable scrutiny and _ statistical testing. 
Surely the blind use of the short-cut formula by an an- 
alyst not fully aware of its derivation and implications 
might be nothing short of disastrous. On the other 
hand, a study of operating inferiority accumulation 
in a firm’s equipment by a sufficiently competent ana- 
lyst might be of invaluable assistance in a thoroughly 
practical situation, and might furnish evidence which 
could considerably and properly shape a firm’s entire 
policy on capital equipment replacement. 

There are many encouraging things about this 
study. Equipment analysis has been a relatively minor 
topic in most respectable business administration and 
economics curricula. This book opens a new ave- 
nue for further study and worth-while academic activ- 
ity. In the second pli ice, modern national income eco- 
nomic theory is very concerned at this time with the 
causes and natures of capital outlay decisions. The 
book by Terborgh supplies a means by which to study, 
in even closer detail, the nature of those urges and 
forces which cause entrepreneurs to spend the money 
which makes the economic mare go. In the third 
place, it is the only capital outlay analysis to date 
which recognizes and stems from the continually 
changing state of industrial technology. An analysis 
which springs from projected operational inferiority 
uses as its base the ever-changing state of the art. Thus 
the book does indeed deserve the title Dynamic 
Equipment Policy. 


(Concluded on page 56) 
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RUBBER DOES IT! SAVINGS FLOW FROM 
; SPEADTAY Pivt system 


EVERYTHING for a COMPLETE PORTABLE PIPE SYSTEM 


FACTORY PACKAGED 
PIPE—COUPLINGS 
FITTINGS—VALVES 

ACCESSORIES 
LIGHTWEIGHT, SAVES LABOR 
FAST, SIMPLE 


Immediate Installation 
by one unskilled man. 
22 to 122 o. d. black 
or galvanized. Larger 
sizes can be furnished. 
Ready to lay—without 





Only rubFer does that job so vitally necessary in countless 
applications—resists the damaging action of oils, gases, fluids, 
greases, continuous flexing, abrasion, extreme high and low 
temperatures, and many other problem conditions. Through- 
out industry, Acushnet precision-molded rubber parts and 
products of natural and synthetic rubber are performing their 

jobs with the greatest effici- 

ency and economy. We'll glad- | 





delay. 






SEND COUPON NOW! 


I 

| ALBERT PIPE SUPPLY CO., INC. 

| Berry & N. 13th St. Brooklyn 11, N.Y. 

| Please send free booklet describ- 
ing your Speed-Lay Pipe System 

| and services: 

l 


Feteneaanatttineetitenetiantianedtienettiadttineatiedtedio 


ly suggest remedies for your NAME x 
PROCESS COMPANY troublesome applications. | FIRM NAME... 
NEW BEDFORD, MASS., U. S. A. DELIVERED ADDRESS.............00000 eecnsen 
READY FOR INSTALLATION »__ ent es ee at 





Address All Correspondence to 774 Belleville Ave., New Bedford, Mass. 
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TELEMETERING CABLE 


Patented 


Telemetering is the relatively new term describing the process of indicating at a remote or central location the change in any 
physical or electrical characteristic that is desired to be measured. The means of the communication of this information is 
usually electrical—by radio, by carrier frequencies, by coaxial cables, or by special twisted pair cables. 


The exacting requirements of this application have made necessary the use of other insulations than the usual vinyl or syn- 
thetic rubber. Due to the very low level of the electrical signals transmitted, the insulation must have low capacitance and at- 
tenuation and high insulation resistance. Furthermore, these factors must be relatively stable over wide temperature ranges 


in order to obtain accurate readings. 
B.1.W. has designed a complete series of small diameter coaxial cables and multi-conductor cables which have proven 
successful in this application: 





B.L.W. Temp. Outside List Price 
Type Number Description Rating Diameter Per Foot 
SRHT (SG)-22—#22 stranded, 300 volt tefion insulation, 

tinned copper shield with fibreglass braid covering, 

ens nee Re GENO «6 «60.04 04 40:0060440000 64% 200 C. .690” $.13 
SRHT (SN)-22—Similar with nylon braid in colors ...... 125 .090” 12 
SRHT (GV)-22-2—SHIELDED Twisted pair with glass braid 

NE Sn ia eae: a bed RES OTE ES eR ae CeO OS 200 -150” .30 
SRHT (NV)-22-2—SHIELDED Twisted pair with nylon 

SEE EET EEE T eee eer ee ree 125 -150” 24 
SRHT (GV)-22-2-2—Two shielded pairs covered with braid 200 -290” 59 
#506—Three conductor shielded, glass braid .......... 200 .150” 35 
#507—Four conductor shielded, glass braid ............ 200 165” 44 
CoX-2FS-011-GL—Miniature 50 ohm coaxial, glass braid . . 200 075” 13 
CoX-2FS-011-NL—Miniature 50 ohm coaxial, nylon braid . . 125 .075” 13 
CoX-2FS-22-GL—Small flexible 50 ohm coaxial .......... 200 .120” 16 
#495—Small 50 ohm of minimum attenuation .......... 200 .190” 52 
#634—Miniature low capacitance coaxial ............-. 200 -100” 21 





BOSTON INSULATED WIRE AND CABLE CO. BOSTON 25, MASSACHUSETTS 
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Gondor TRANSMISSION BELT 


This 38”, 10-ply Condor Transmission Belt has worked continuously for 
22 years in the engine room of J. L. Prescott Company, Passaic, N. J. 
It is still going strong and looks good for several more years before 
being retired. 


This example of Manhattan belt workmanship is one of many records 
set by Condor Transmission Belts. Pioneer developments in belt con- 
struction have come out of Passaic for more than 56 years ... and new 
Manhattan developments continue to benefit industry. 


Only Raybestos-Manhattan makes a complete range of transmission belts: 
duck, cord, endless, four selections of driving surfaces, oil-proof, non- 
spark, acid-proof. 


Ry RAYBESTOS-MANHATTAN, inc. 


MANHATTAN RUBBER DIVISION, PASSAIC, NEW JERSEY 








CAMBRIDGE 
electron-ray 
RESEARCH 
pH METER 


RANGE AND ACCURACY: Sensitivity .005 pH; read- 
ings reproducible to .01 pH; accuracy .02 pH. Range 0 
to 14 pH; 0 to 1200 mv. ELECTRON-RAY NULL 
INDICATOR: Replacing the usual galvanometer, the 
electric eye provides quick and accurate null-point indi- 
cation without possible damage to a delicate galvanom- 
eter. NO BATTERY NUISANCE: All-electric; plugs 
into any 110-volt AC Outlet. ELECTRODE SYSTEM: 
Sturdy glass electrode of condenser type is supplied. 
Micro condenser or dipping type glass electrodes can 
also be furnished. COMPACT AND PORTABLE. 
Laboratory and Industrial Models also available. Send 
for bulletin No. 910 MA. 


LINDEMANN ELECTROMETER 
i Moi tee, This instrument is extensively 
used for the determination of 
radio-active emission. Has high 
sensitivity, good stability and 
does not require leveling. Send 
—— for descriptive literature. 


CAMBRIDGE INSTRUMENT CO., INC. 


Pioneer Manufacturers of Precision Instruments 
n 


3707 Grand Central Terminal, New York 17,N. Y. 








THE TREND OF AFFAIRS 
(Concluded from page 54) 





— 


Not the least of the virtues of this work is the way 
it is written. Although the study is necessarily a some. 
what precise and lengthy affair, the author makes the 
way pleasant for the reader by his rather pleasing and 
dramatic conception of equipment use and replace. 
ment as a ceaseless battle in which older machines 
struggle for their lives against advancing hordes of 
newer machines. “The depraved jungle warfare” of 
the equipment, in which one machine robs another of 
its function, ending always in eventual “removal of 
mechanical cadavers” from the plant, is certainly an 
interesting and worth-while study.—W.V.C. 


ALL EXPERIENCE IS 
OF CHANGE 


(Continued from page 25) 


velopment of spectacles has reached a higher state 
than that of hearing aids because of the fact that the 
science of optics is centuries old, whereas the elec- 
tronic advances necessary for hearing aids are 
relatively new. Nevertheless, it is noteworthy that 
availability of aids for the senses follows the same pat- 
tern as the technical importance of the senses, as well 
as of the extent of knowledge of their fundamental 
mechanisms. Aids for vision have been used for cen- 
turies. Hearing aids are just now coming into wide- 
spread use. Smell aids exist only in primitive forms 
comparable to old-fashioned ear trumpets, and are 
used mainly in laboratory studies. Aids for the cuta- 
neous senses are unknown. 


Signals for Hearing 


Like vision, hearing is used not only to observe phe- 
nomena, but also to transmit ideas. In the former use, 
hearing is more dispensable than in the latter. Admit- 
tedly some instruments, as for example the Geiger 
counter, make use of an auditory signal received 
through earphones; but this arrangement is purely a 
matter of expediency as a visual signal may readily be 
substituted. The stethoscope is the badge of the phy- 
sician, but the stethoscope has been supplemented, 
and in some degree supplanted, by the electrocardio- 
graph, an objective instrument that does not utilize 
the sense of hearing. 

In the transmission of ideas, hearing has at most the 
advantage over vision only of speed. Anything that 
can be expressed in speech may be stated as well, or 
b +ter, in some recorded notation for reception 
through the visual sense. Although the scientific con- 
vention is a recognized factor in the expansion of 
technical knowledge, some modern scientists prefer 
to stay home from these meetings, or else when at- 
tending to confine themselves to social contacts in the 
corridors and cocktail lounges, and to learn the tech- 

(Continued on page 58) 


THE TECHNOLOGY REVIEW 


























hak 2 pee | at é 
Because itgis designe y men who have at 
their command the accumulated experience of over 
half a century with automatic looms. 


/ 


DRAPER CORPORA’ 


‘ “ck i ee 
ae 
: a 
e x 
Pa 2 | : 


‘Bsn St 
ef noe te 


Honedal Mt Massachusetts ‘ 





NOVEMBER, 1950 








Science Reports to Mankind 


The twentieth century . . . the 
century of science . . . has reached 
halfway into history. 


How shall we handle the good we have created . . . and the 
evil? How shall scientist, humanist, artist and man of affairs 
approach the next fifty years, to make them good years? 


At the Mid-Century Convocation, held at the Massachusetts 
Institute of Technology in 1949, this problem was evaluated. 


Thirty-six men, distinguished in the arts, sciences, education 
and government, traveled from many parts of the world to 
address this Convocation. Their approach to ‘The Social Impli- 
cations of Scientific Progress’ was authoritative and often 
dramatic. 


Now this new book presents 
their opinions to inform and 
challenge you. But Méd-Cen- 
tury contains more than the 
speeches that stirred the fortu- 
mate audience and the press. 
Footnotes, introductory and ap- 
pended material have been 
added. Most of the speakers 
have edited and extended their 
remarks. The thirty-six speeches 
now form the core of an in- 
teresting, instructive volume 
that is urgently important today. 
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ALL EXPERIENCE IS 
OF CHANGE 


(Concluded from page 56) 


nical content of the meetings by reading the scientific 
papers later as they are published. 

One aspect of current scientific activity where hear- 
ing is indispensable, by reason of its value as a 
medium for quick transfer of ideas, is in the group 
thinking that has become such an important element 
in modern technical progress. The rapid-fire tempo of 
today’s seminar or research committee meeting de- 
mands a quick interchange of thought that can be ac- 
complished only through spoken communication. 
However, hearing just capable of comprehending 
speech, and if necessary enabled to do so by means of 
a powerful electronic hearing aid, is adequate for the 
research conference. 

It now remains to discuss the so-called chemical 
senses (including smell, taste, and flavor), as well as 
the skin or cutaneous senses. But an examination of 
these, together with a discussion of some general con- 
siderations pertinent to the broad subject of the hu- 
man senses, must await the second section of this 
article which will be published in the December issue 
of The Review. 


FOOTNOTE REFERENCES 


1 Carlson, Anton J. and Johnson, Victor, Machinery of 
the Body (Chicago: University of Chicago Press, 3d edi- 
tion, 1948), $4.50. 

2 Moncrieff, R. W., Chemical Senses, page 55 (New 
York: John Wiley and Sons, Inc., 1946), $4.50. 

’ From the technical standpoint. However, in the arts 
the human senses stand in similar ranking. Painting and 
sculpture, experienced visually, are considered by some to 
occupy the pinnacle of the arts. Music, an auditory experi- 
ence, perhaps falls median. The arts of the gourmet and 
the perfumer, appealing to chemical senses, are relatively 
primitive and are held in limited esteem. The cutaneous 
senses in general have no aesthetic standing whatsoever. 
But these relationships are indeterminate and are open to 
debate. In any event, they lie entirely outside the an- 
nounced province of this article. 

* Woodbury, David O., “Giant Follows Giant,” The 
Technology Review, 52:96 (December, 1949). 

° “Seeing Molecules,” The Technology Review, 52:202 
(February, 1950). 

* Hartridge, H., “Recent Advances in Color Vision,” 
Science, 108:395-—404 (October 15, 1948). 

7 The human ear, in contrast, has a range roughly 10 
times as great. An arresting conjecture in this regard is 
that if the eye had as broad a frequency range as the ear, 
certain of the radio waves that fill the ether today would 
be visible. 

8 Induction is an increase in sensitivity of the retina of 
the eye to one color, resulting from previous but recent 
exposure to the complement of that color. 

® Stevens, Stanley S. and Davis, Hallowell, Hearing: 
Its Psychology and Physiology (New York: John Wiley 
and Sons, Inc., 1938), $4.50. 
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M.1I.T. EDUCATIONAL SURVEY 
(Continued from page 383) 


history and government, or philosophy and the arts, or 
economics and social science. There will be a multi- 
plicity of such sequences available in each of the three 
fields. The theory of this part of the recommendation 
is that the student will follow some one discipline, not 
that of his major specialization, with sufficient inten- 
sity to understand how specialists in that discipline 
work. It is thus hoped that the new humanities pro- 
gram will provide not only breadth but also depth. 


Sponsored Research 


The problems of sponsored research in engineering 
and scientific institutions were thoroughly explored by 
the Committee on Educational Survey. M.I.T. has 
carried on a certain amount of supported research, 
both government and industrial, for many years. Its 
experience in this field is considered an important fac- 
tor among those which in 1940 placed the Institute in 
a position possibly unique among all American uni- 
versities to undertake the responsibilities imposed by 
World War II. Such research activities were expected 
to decrease, but at the end of the war in 1945 there 
was no great slackening in the pace of such opera- 
tions at the Institute. 

In considering sponsored research the committee 
asks several searching questions: 

(Continued on page 62) 











M.1.T. graduates living in or near 
Chicago are invited to visit our fine 
new store there, at Madison Street 
and Michigan Avenue. 





BUILDING A REPUTATION 
TAKES TIME...AND LEADERSHIP 


Brooks Brothers have been building a reputation for 132 years.. 
firm foundation of uncompromising quality and good taste. And since 
1818 we have led and sponsored many of the accepted style changes. 

Today Brooks Brothers still seek to improve our famous quality and fine 
tailoring. And today, as always, we continue to originate the quiet yet 
distinctive changes that men will wear and like. 

For a reputation must not only be earned over a period of time... 
be maintained. Generations of Brooks Brothers’ customers have found that 
our quality and good taste never change. 
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346 MADISON AVENUE, COR. 44TH ST., NEW YORK 17, N. Y. 
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I wanted personal freedom, and payment 
in direct proportion to my efforts 


Back in the days when I was deciding on a career, 
] was determined to choose one that would give me 
great personal freedom, plus advancement and pay 
in direct proportion to my efforts. 


Of all the possibilities I studied, only one career — 
life insurance — seemed to promise these particular 
rewards. I next investigated several companies, and 
selected New England Mutual — for a number of 
reasons. I had been impressed with its magazine 
advertising*. My college roommate had joined this 
company earlier and had established a fine record. 
And I liked the type of men I met in the New 
England’s offices here in Kansas. 


I'm glad I made the choice I did. For now, I 
honestly feel that every minute of every day of the 
rest of my business career is mine to do with as I 
please. I am paid in direct proportion to my efforts. 
There is no waiting for advancement through “chan- 
nels.” But, even more important, life insurance is 
more than a mere job. It is a source of ever-increasing 
satisfaction for me to provide my clientele with a 
safe investment which becomes so vitally important 
to them in times of distress or tragedy. 


0 puck how 


Recent graduates of our Home Office training course, 
although new to the life insurance business, earn average 
first-year commissions of $4200—which, with renewal com- 
missions added, brings the total yearly income average to 
$6500. From here, incomes rise in direct proportion to each 
individual’s ability and industry. 


If you’d like information about a career that gives you a 
business of your own, with no slow climb up a seniority 
ladder and no ceiling on earnings, write Mr. H. C. Chaney, 
Director of Agencies, 501 Boylston Street, Boston 17, Mass. 


*k 





The New England Mutual, America’s 
first chartered mutual life insurance 
company, backs up its field force with 
strikingly effective national advertis- 
ing. This advertisement, appearing 
currently in The Saturday Evening Post 
and Fortune (in full color), and in 
Time, Newsweek and Business Week, 
tells millions of prospects about the 
advantages and flexibility of New 
England Mutual policies, and urges 
them to consult our field men for ex- 
pert help on life insurance problems. 
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CHARLES A. COLBY, Wichita, Kansas 








These Massachusetts Institute of Technology men are New Eng- 
land Mutual representatives: 


Raymond P. Miller, '18, Salem 
Arthur C. Kenison, ‘19, Boston 
Blaylock Atherton, '24, Nashua 


They can give you expert counsel on uniquely liberal and flexible New 
England Mutval life insurance that's tailored to fit your family's needs. 


The NEW ENGLAND MUTUAL LIFE INSURANCE COMPANY 
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ALL OVER THE COUNTRY THEY 
WEAR ROGERS PEET CLOTHES 


Rogers Peet Clothes are worn by men all 
over the United States. They are sold by our 
own stores in New York and Boston. . . 
the Douglas Mac Daid Shops in New Haven 
and Princeton . . . and other good stores 
we carefully select (one to a town) in many 
other cities*, coast to coast. 

And in that national clientele . . . the 
graduates of Eastern colleges who have 
known us since their Undergraduate Days 
constitute a particularly large and distin- 
guished group. 


* We shall be glad to let you know where Rogers 
Peet Clothes are sold in or near your own city. 
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2 And in Boston: 
Thirteenth St. Warren Street Tremont St. 
at Broadway at Broadway at Bromfield St. 








M.I.T. EDUCATIONAL SURVEY 
(Continued from page 60) 


Is all this work genuinely creative? Can it be justified 
on the ground that it strengthens the educational pro- 
gram? Is there the danger that the energy and interests 
of talented members of the staff are being diverted from 
education to income-producing work? Is it safe to rely on 
this source of income, to become accustomed to a standard 
of support that would be impossible to maintain in the 
event of a sudden cutback? 

The serious implications of this situation are apparent. 
Under the pressure of an expanding program, both our 
physical plant and our staff have been augmented steadily. 
In the interest of sound planning it would seem that some 
reasonable balance should be achieved between commit- 
ments to sponsored research and to the fulfillment of our 
normal obligations as an academic institution. Clearly if 
M.I.T. is to retain its independence and to operate at 
optimum effectiveness our unity of plan and objectives 
must extend to this large new area of operations and must 
affect the selection and management of sponsored proj- 
ects. ... 

The interdependence of industry, government and the 
universities with relation to research was made abundantly 
clear during the war. We must learn now how to incor- 
porate research sponsored by a variety of external agencies 
into our plan in such a manner as to strengthen and sustain 
the educational program, without placing in jeopardy the 
freedom of thought and liberty of action that lend to 
academic life its very special flavor. 


Sponsored research has obvious benefits. It permits 
the Institute staff to make contributions to their soci- 
ety; it provides the use of a large number of instru- 
ments, machine tools, and expendible materials by 
both staff and students; it has led to the postwar evo- 
lution of, as stated in the report: 


large engineering laboratories, such as the Servomecha- 
nisms Laboratory, the Instrumentation Laboratory, and 
various others, that offer unusual opportunities to graduate 
students to become familiar with the actual processes and 
practical problems of engineering, while carrying on their 
other more academic studies. 

It has provided very large facilities, supersonic wind 
tunnels, computers, synchrotrons. It has enhanced the 
educational program through the close interweaving of 
sponsored research and graduate study. But it has also 
brought about enormous new management responsibili- 
ties. The very magnitude of many projects makes it neces- 
sary for some of our ablest colleagues to devote their 
attention largely to administrative rather than technical 
problems. 
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The report cites, in addition, two special problems 
that arise in the administration of very large research 
projects. The first concerns investment in money and 
space for exploring new fields in which the need for 
the facilities may later be diminished by comparable 
research by industry. The second is the responsibility 
for the most effective use in the broadest sense for 
large-scale research projects which are not an end in 
themselves, but rather a means to research. The com- 
mittee’s report finds: 

There must be the same passionate desire to use these 
new machines as there was to devise them. We believe 
that it is a responsibility of those in charge of these proj- 
ects to see that the possibilities of use are exploited as fully 
as are those of design and construction. 

The report also warns that the predominance of ap- 
plied engineering projects of large size may unduly 
divert attention from fundamental scientific inquiry. 

The committee recommends that the Faculty and 
Administration, in the formulation and discharge of 
their responsibility for sponsored research policy, be 
guided by the following objectives: (1) Increased em- 
phasis on maintaining such a balance between spon- 
sored research and other activities that adjustment to 
change can be accomplished readily; (2) An expanded 
effort toward support of fundamental scientific in- 
quiry; (3) A broadening of the base of sponsored 
projects supported by increased industrial participa- 
tion; (4) Avoidance in the future, as in the past, of un- 
dertaking sponsored research primarily for the pur- 
poses of financial gain or of securing supplementary 
salaries for staff members. 

The Committee on Educational Survey was estab- 
lished by Faculty action in 1946, and in January, 1947, 
the Faculty elected the following members: Profes- 
sor Emeritus Warren K. Lewis, ‘05, of the Department 
of Chemical Engineering, Chairman; Professor John 
R. Loofburow of the Department of Biology, Secre- 
tary; Professor Ronald H. Robnett of the Department 
of Business and Engineering Administration; Profes- 
sor C, Richard Soderberg, ’20, of the Department of 
Mechanical Engineering; and Professor Julius A. 
Stratton, ’23, of the Department of Physics and Pro- 
vost of M.I.T. The committee was assisted through- 
out its two-year investigations and deliberations by 
two auxiliary committees of which Professor William 
R. Maclaurin of the Department of Economics and 
Social Science was chairman of the Committee on Staff 
Environment, and Thomas K. Sherwood, ’24, Dean of 
Engineering, was chairman of the Committee on Gen- 
eral Education. 
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Fach day’s news 
makes this hook more 
and more important. 


aR Why are we not building 
radar defenses around our 
big cities? SEE PAGE 126 


E- How can America defend 
herself against a surprise at- 
tack? SEE PAGE 134 


3 Can America win an arma- 
ment race? SEE PAGE 135 


SF How dangerous a weapon is 
the robot missile? see pace 120 


3 Will there be another big war 


soon? SEE PAGE 263 


For the answers to these and many 
other life and death questions read 
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& FREE MEN 


by VANNEVAR BUSH 


Available in two editions: cloth, $3.50; 
unabridged paper pamphlet, $1.00. 
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MEN: WITH A MISSION 
(Continued from page 21) 


it is to minister to the mind and spirit. Someone has 
said that “education is learning to hang up your own 
towel.” It is also learning to hang up your roommate’s 
towel. 

I hope for you that you will accept your share of 
community responsibilities, that you will participate 
successfully in extracurricular activities, and that you 
will do both of these, not for purely competitive and 
selfish reasons, but because you come to have a love 
for your college and a loyalty that will make working 
for her something more than a duty. 

The experience of living with a highly selected 
group of people having similar objectives and capaci- 
ties, but differing points of view and backgrounds, can 
be in itself a formative educational experience. Your 
outlook and point of view can be tested and matured 
by the interchange and clash that come from bull ses- 
sions and all your living contacts. I hope that you will 
participate in much of this searching and tolerant kind 
of talk that comes in the late hours when the mind 
runs free. I’: is certain that you will, if you don’t insist 
on going through college with a set of ready-made 
ideas and an unwillingness to try out new ones. All of 
this means that you must center your interest in the 
college community. 

In the selection of courses, seek counsel but follow 
your own bent, where you have an election. You have 
your whole freshman year to decide in which direc- 
tion you wish to go. Don’t jump to conclusions about 
your teachers. It frequently happens that the courses 
you like least in college turn out to be the ones you 
cherish most, or find most useful, when you are out of 
college. 

I would hope that you can concentrate sufficiently 
so that you have the satisfaction of gaining some mas- 
tery of a field. Above all, seek understanding. What 
someone has called the “court plaster or sheep-dip” 
method of college training is the curse of too many col- 
leges. I would also hope that you will gain breadth 
along with acquiring depth. Some of this breadth will 
come from the courses you take and the teachers you 
come to know well. Most of it you must acquire your- 
self, out of an unremitting curiosity, by reading on 
your own, both books and people. I hope some of your 
teachers will have the genius to set your mind on fire, 
to open wholly new vistas and to communicate to you 


(Concluded on page 66) 
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MEN .WITH A MISSION 
(Concluded from page 64) 


deeply moving enthusiasms. I hope you have those in- 
tellectual experiences where some new concept or aes- 
thetic experience or some powerful emotion throws 
you into a state of excitement or disturbs you so deeply 
that you are compelled to talk about it or share the 
enthusiasm with others. I hope that you will let your- 
self go when you are kindled by some new enthusi- 
asm. We are too much beset in our times by fears and 
repressions. We need, as a people and as individu- 
als, more capacity for enthusiasm, more receptivity to 
inspiration, more vehement advocacy of ideals. 

One practical note. I have observed that stu- 
dents who get into academic difficulties usually do so 
because they do not plan their time, and they let work 
pile up. I hope that you will budget your time (this is 
the one way to balance curricular and extracurricular 
activities), and that you will keep up with your as- 
signments, day by day. I hope, further, that you will 
have ample opportunities to participate in the pag- 
eantry and group activities of college life. The athletic 
games, the social activities, the sings are an essential 
part of college and can provide at times an uncom- 
parable lift and a sense of belonging. 

In summary, I suppose that I have been trying to 
say that I hope you will realize yourself fully while in 
college, and that in doing so you will develop a sense 
of values, a recognition of what is beautiful, true, and 
good, in people, in books, in materials, in politics, in 
life. “No lesson is so important to learn,” said Aristotle, 
“and no habit is so important to acquire, as a right 
judgment and a delight in fine characters and noble 
actions.” 

With these aptitudes and objectives your career 
here can be one of happiness and achievement, and 
you will become a part of the great family of students, 
teachers, and staff who love and cherish M.LT. 
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